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ABSTRACT 


This study was designed to investigate the pedagogical use of 
verbal and physical analogies in scientific explanations of chemical 
concepts. A rationale was developed for the pedagogical use of 
analogies and it was hypothesized that the use of a verbal or a physical 
analogy in a scientific explanation increases the student's immediate 
comprehension of the scientific explanation over that attained when 
the scientific explanation is presented without the use of one of 
these types of analogy. This hypothesis was tested in three 
different experiments using 814 eighth grade subjects, 180 ninth grade 
subjects and 1258 tenth grade subjects. In all experiments, one 
scientific explanation and its associated criterion test designed to 
measure the subject's comprehension of the scientific explanation 
were administered to each subject. In addition, in two of the 
experiments, the primary field of a verbal analogy also accompanied 
the scientific explanation, except in the case of control group 
subjects who received only the scientific explanations. In the other 
experiment the primary field of a physical analogy was demonstrated 
to experimental subjects. The criterion mean scores of the experi- 
mental group which was administered the analogy and the control group 
which read only the scientific explanation were compared in all cases. 
The above hypothesis was tested in five cases for concrete verbal 


analogies and in two cases for conceptual verbal analogies and 
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physical analogies. In no case did the use of a concrete or a conceptual 
verbal analogy in a scientific explanation increase immediate comprehen- 
sion over that of the control group. This finding was substantiated for 
different sexes, the five formats in which the primary field was present- 
ed, topics of the scientific explanations, length of scientific explana- 
tions (between 150 and 815 words), grade levels of the subjects (grades 
8,9, and 10), and levels of understanding of the analogy. Three 
treatment means were significantly less that the corresponding control 
group means wnen concrete verbal analogies were used. This appeared 

tc be a result. of a topic x format x length of scientific explanation 
interaction in one of the experiments. On the other hand,when a 

physical analogy was used in a scientific explanation, immediate compre- 
hension was significantly greater than that of the control group in one 
of two cases. Analysis of the scientific explanations indicated that 
the one scientific explanation for which there was a significant differ- 
ence between treatment and control groups was relatively more complex 


than the other. 
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CHAPTER I 


INTRODUCTION 


In man's attempt to understand his universe, he must use the 
mental equipment which is available to him. It seems improbable that 
man can comprehend new information except on the basis of the mental 
constructs he already possesses, or those which he can create through 
manipulation of existing constructs in his cognitive structure. Hence, 
understanding of new learning material is dependent on the use of 
familiar mental constructs. 

Scholars (Belth, 1975; Bruner, 1973; Gendlin, 1962; James, 1892; 
Lazslo, 1972; Moses, 1973; Schon, 1963; Templeton, 1973; Vaihinger, 
1924) have argued that new learning material is understood through the 
use Of models based on mental constructs in the cognitive structure. 
These scholars hypothesize that new learning material is understood by 
employing familiar cognitive constructs which become models through 
which the new learning material can be analyzed. They claim that the 
process of understanding consists of juxtaposing the unfamiliar new 
learning material system to a familiar system of cognitive constructs 
and analyzing the elements and/or relations of the unfamiliar system 
in terms of the familiar system. The result of juxtaposing two 
systems for the purpose of analyzing the less familiar system in terms 


of the familiar system may be an analogy. 
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The process of analyzing two structurally similar systems by 
comparing point for point the elements and/or relations of the two 
systems and mapping the elements and/or relations of the two systems 
onto each other is referred to as the process of analogizing. Since, 
in the process of understanding, an analogy is established between 
existing cognitive constructs and the new learning material and the 
analogy is analyzed through the process of analogizing, comprehension 
of new learning material is inextricably linked to existing cognitive 
constructs. 

Oppenheimer points out this fundamental role analogy plays 
in thought: 

. analogy is inevitable in human thought, because we 

come to new things in science with what equipment we have, 

which is how we have learned to think and, above all, how 

we have learned to think about the relatedness of things. 

We cannot, coming into something new, deal with it except 

in terms of the familiar and the old-fashioned. 

(Oppenheimer, 1956:129) 

Belth (1975:133) points out the dependency of understanding on existing 
cognitive structure when he says that since interconnectedness, meaning, 
tendencies, lawfulness or patterns lie not in the events themselves but 


in the available mental models, understanding is dependent on the 


available mental models. 
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Evidence for the belief that understanding is dependent on link- 
ing new learning material to existing cognitive constructs is found in 
the ubiquitous use of analogies in search for understanding in a 
number of fields of human endeavour. In religion, an analogy is 
established between man and God to enable people to understand some of 
the characteristics attributed to God (Anderson, 1962). Philosophers 
employ analogies to explain obtuse concepts to the neophyte. Authors 
employ analogies in the form of fables and allegories to enable the 
reader to understand their message (Chemical Education Material Study, 
1960). In advising students on writing essays, Bilsky (1963:73) claims, 
"When you compare an abstract idea with something that is concrete 
and familiar to your reader, you enable him to see more clearly what 
you are talking about since you present him with a picture." Kauzman 
remarks on the use of analogies in science to understand scientific 
theories: 

Analogies are very helpful to most people in understanding 

old theories and in developing new ones. It is always 

easier to arrange new ideas in the framework of what one 

already knows than it is to build upon entirely new systems 

of ideas from bare logical essentials. Furthermore, 

analogies provide 'insight'--a very valuable,thing in 

itself. (Kauzman, 1957:6) 
In the context of teaching, Asimov (1959:535) claims that the judicious 
use Of analogies in the introduction of new concepts is an aid to under- 
standing. Kamenetskii (1966:132) claims, "Every pedagogue knows from 
experience that an appropriate choice of analogies in the explanation of any 


given subject makes it easier understood by students." It would appear that 


the pervasive use of analogies in the various fields to effect under- 
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standing indicates a belief that understanding is dependent on the use 
of analogy to link new learning material to existing cognitive 
Structure. 

The belief of science educators in the power of analogy to effect 
understanding is indicated by the widespread use of analogies in science 
textbooks. In a survey of two hundred children's science textbooks, 
Beeler (1954) found eight thousand sixty-two analogies. The frequency 
of occurrence was one analogy per eight hundred and thirty-five words. 
Scott (1964) performed a similar study on first year college chemistry 
textbooks. He found the frequency of use of analogies increased over 
the period 1930-1960 with the most significant increase from 1950 to 
1960. Scott found an average of eleven elaborated analogies per book 
with a range of five to twenty-six in total. 

In view of the faith which educators have in the power of 
analogy as an explanatory device to effect understanding, and because 
of the relative paucity of research to substantiate this faith, the 
present study was designed to evaluate the effectiveness of analogy 
in effecting understanding of written scientific explanation in a con- 


ventional school setting. 
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STATEMENT OF THE PROBLEM 


The problem to which this study is directed is: 


does the use of an analogy in a written scientific explanation have a 
measurable effect upon the learner's immediate comprehension of the 


explanation when it is read? 


NEED FOR THE STUDY 


It has been suggested that analogies are extensively used in 
school science textbooks (Beeler, 1954; Scott, 1964) and by classroom 
teachers (Kamenetskii, 1966) to aid the student in understanding ex- 
planations of scientific phenomena. However, comparatively little 
attempt has been made to investigate the psychological basis for the 
pedagogical use of analogy or to evaluate whether or not the use of 
analogy in explanations does in fact facilitate student understanding 
of scientific phenomena. Dowell (1968) attempted to determine 
whether the use of visual pictorial analogies in classroom teaching 
aid in increasing student comprehension of the biological concept 
of function and found no increase in comprehension on an achievement 
test. Scott (1964) found that most analogies used in chemistry text- 
books were verbal analogies. Physical analogies were the second most 


frequent type of analogy employed by authors of chemistry textbooks. 
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Since chemistry textbook authors frequently employ verbal and physical 
analogies to effect understandina of explanations in chemistry, there 
appears to be a need to determine whether or not the use of verbal and 
physical analogies in chemical explanations aids the learner in under- 
standing explanations of chemical phenomena and to develop a rationale 
for the pedagogical use of analogies. These are the objectives of the 
present study. 

A brief outline for the rationale for the pedagogical use of 
analogy is presented in a subsequent section of this chapter. In 
Chapter II empirical studies related to the rationale are reviewed and 
the psychological mechanisms of the use of analogy are surveyed and 
related to Ausubel's theory of Meaningful Learning. In Chapter III 
the designs of the three experiments which comprise the present study 
are presented. The results of the three experiments and a discussion 
of the results are presented in Chapter IV. Chapter V presents a summary 
of the results, implications for science teaching and suggestions for 
further research. 

Because the language required to discuss analogies tends to be 
somewhat technical and unusual, a number of terms will be defined before 
proceeding with the development of the present study. The terms fall 
into two categories. Those presented first deal with the language of 
analogy and those which follow are the operational definitions required 


for the present study. 
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DEFINITION OF TERMS 


(In Logical Order of Development) 


Terms Related to Analogy 


System: A system is a complex of interacting elements 

Analogy: An analogy is a relation between two systems such that groups 
of elements of one system have similar relations to corresponding groups 
of elements of a second system. For pairs of elements, these relations 
may be stated symbolically as a:b::x:y which is read "a" is related to 
LDaaiNadesiMmdamwayeds ox iS related to’"y"= or simply. dis tO be 

ase xX 1S 40) Yeomeine elements; a.,° Ds X's. "y" are called the 
ANALOGATES. The common relation between "a" and "b" and "x" and "y" 

is called the ANALOGON. 

Of the two systems employed in an analogy, the system whose 
elements and relations are most familiar to the learner is called the 
primary field. The less familiar system is called the secondary field. 
If the elements "a" and "b" and the relation between these elements 
are known by the learner, then "a" and "b" are called the primary 
analogates and together with their analogon they are part of the primary 
field of the analogy. On the other hand, the analogates "x" and "y" 
which exist in the new material to be learned are called the secondary 
analogates and together with their analogon are part of the secondary 


field of the analogy. 
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Operational Definitions 


Setenttfic Discourse: A scientific discourse is any series of written 
symbols that is organized into one or more syntactic expressions con- 

sistent with the rules of grammar of the English language or with the 

rules of mathematics and whose principal content is scientific in 


nature. 


Argument: An argument is a discourse in which some statements are 


supplied as reasons for other statements. 


Setenttfic Explanation: A scientific explanation is a scientific 


discourse employing the form of an argument. 


Hypothetical Syllogtsm: A hypothetical syllogism consists of a 
number of statements of the form: "if. .., then. ..." The 
statements are connected to each other in such a way that the con- 


th statement becomes the antecedent of the n + yth 


sequent of the n 
statement. In symbolic form the hypothetical syllogism may be 


represented as: 


p > q 
q aie f 
r > Ss 
p > $ 
Argument Rank: The argument rank is the number of "If. . . , then. 


statements chained together in a hypothetical syllogism. For example, 


r nottsnelaxs aftisnatse A 
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the argument illustrated above in the definition of "hypothetical 


syllogism" has an argument rank of three. 


Passage: A passage consists of one of the following units: 
(a) a scientific explanation, 
(b) a scientific explanation and its corresponding primary 


field. 


Criterton Test: The criterion test is a test consisting of multiple 


choice items pertaining to the content of the scientific explanation. 


Criterton Seore: The criterion score is the total number of correct 


responses on the criterion test. 


Comprehenston: Comprehension is understanding of the scientific 


explanation as indicated by the criterion score. 


Analogy Test: An analogy test is a test consisting of multiple 
choice items pertaining to the relations between the scientific 
explanation and the primary field of the analogy. Each item has one 


correct response and four distractors. 


Analogy Score: The analogy score is the total number of correct 


responses on the analogy test. 


Test Booklet: The test booklet consists of one passage and its 
corresponding criterion test, and, in those cases where it is 


relevant to the treatment, an analogy test. 
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EXPLANATION AND ANALOGY 


The role of explanation in the development of knowledge is 
discussed in the present section followed by a discussion of the ways 
in which the use of analogy in classroom explanation is thought to 
facilitate understanding of new learning material and to nurture 
cognitive growth. Empirical and theoretical studies which are related 
to and form a basis for the claims made for the use of analogy in 


verbal explanation are reviewed in Chapter II. 


Explanation 


One of the pedagogical devices science teachers use to facilitate 
student understanding of scientific phenomena is verbal explanation. 
A distinction must be made between two kinds of explanation: pedagogical 
explanation and scientific explanation. The explanation offered by a 
teacher in explaining something to a student is different from the 
explanation offered by a scientist in his attempt to account for the 
way things behave. In the former case, the explainer's activity of 
explaining is not a matter of research, investigation, original 
theorizing and the like, but a matter of interpreting to someone else 
ordered knowledge which is the result of scientific investigation 
(Martin, 1970:14). Martin (1970:15) refers to the inquiry related 


explanation of the scientist as explaining something and the pedagogy- 
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related explanation of the teacher as explaining something to someone. 


In the present study, the words "explanation" and "explaining" should 
be interpreted in the pedagogical sense unless otherwise indicated. 
Having made this distinction, the objective of explanation must now be 
considered. 

In the specific pedagogy-related sense, the objective of ex- 
planation is student understanding of the subject matter involved in 
the explanation. Martin (1970:153) defines understanding as "seeing" 
the relationships or connections among concepts. From the point 
of view of cognitive psychologists, relationships among concepts are 
"seen" or understood when a match can be established between the 
relationships in the cognitive structure and those in the subject 
material of the explanation (Lazslo, 1972). Piaget employs the bio- 
logical concept of adaptation as a mechanism in the process whereby 
this match (i.e. understanding) is achieved. Adaptation involves the 
two complementary processes of "assimilation" and "accommodation". 
Assimilation is the process wherein a relation is set up between new 
learning material and the structure of the cognitive system. 
Accommodation is the process wherein the existing cognitive structure 
is modified to accept the relationships among the concepts of the new 
learning material. When new learning material is encountered it is 
assimilated to the existing cognitive structure if it is in some way 
relatable to it. The cognitive structure, on the other hand, must 
accommodate to incorporate the new learning material. When the two 


complementary processes of assimilation and accommodation reach a 
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12 
state of equilibrium, understanding of the new learning material is 
effected since at this point a match between the structure of the new 
learning material and the cognitive structure is attained. After 
understanding is attained a process ensues in which the form of the 
new learning material is abstracted from its content. This abstracted 
form becomes available for understanding further new learning material. 

Since understanding is the objective of explanation, the role 
of the explainer, according to the model outlined above, becomes one 
of presenting the new learning material in such a way that the 
processes of assimilation, accommodation and abstraction are facili- 
tated. It has been proposed by a number of scholars that the use 
of analogy in an explanation may facilitate these processes. The 
mechanisms whereby analogy is thought to facilitate these processes 


are explored in the following sections. 


Analogy and Assimilation 


James (1892:323) has pointed out that one of the processes of 
thought which distinguishes man from animal is man's ability to use 
"association by similarity." He claims that this process enables man 
to abstract concepts from particular instances. James regards analogy 
functioning in this process as a heuristic device. According to James, 
scientific man deliberately accumulates all instances he can find which 
have any relation to a phenomenon; then, while holding these instances 


in his mind he abstracts the commonality from them. It appears that 
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James considers analogy as functioning in the assimilation process since 
the accumulation of cases can only be accomplished through assimilation to 
the cognitive structure. If a primary field of an analogy is presented 
to the learner which has similar relations to those in the new learning 
material, the step involving the gathering of similar cases may be 
facilitated. Furthermore, the supplying of a similar case may point 
out to the learner some aspect of the cognitive structure to which 
the new learning material may be assimilated. 

Nagel also considers analogy as functioning in the assimilation 
process. He claims that analogies help to assimilate the new to the 
old (Nagel, 1961:46). In other words, analogy acts as a mechanism 
whereby new learning material may be assimilated to previously estab- 
lished cognitive structures. Vaihinger (1924) and Belth (1975) claim 
that not only are analogy and analogizing the mechanisms of the assim- 
ilation process, they are the only means whereby assimilation occurs. 
Vaihinger (1924:29) states, "Anyone acquainted with the mechanism of 
thought knows that all conception and cognition are based upon 
analogical apperceptions." Belth (1975:5) claims, ". . . the process 
of thinking is the process of analogizing--itself a process. .. ." 
While the claims of Vaihinger and Belth may be overstatements, they 
do illustrate the conviction that analogy and analogizing function in 
the assimilation process. 

Another way the use of analogy in explanation may operate in 


the assimilation process is that it may prevent novel explanations 
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from appearing unrelatable to the learner's existing cognitive struc- 
ture. Nagel (1961:46) recognizes this property of analogy when he 
states that analogies prevent novel explanatory premises from being 
radically unfamiliar. The role of analogy in this process may be 
that of a device which can focus on relations which are common to the 
cognitive structure and the new learning material. Assimilation can 
occur only if the learner perceives the new learning material as 
being related to his cognitive structure. When radically new material 
is presented to the learner much of it can not be understood since 
the learner does not have adequate cognitive structures to match with 
much of new learning material and the unmatchable portions are 
registered by the learner as "noise" (Dienes, 1963:63). The "noise" 
may tend to mask that part of the message which could ordinarily be 
assimilated and understood. 

However, if an analogy which focuses on those relations which 
are common to the cognitive structure and the new learning material 
and de-emphasizes the unmatchable portions is used by the explainer, 
the learner may perceive the new learning material as being assimilable 
to his cognitive structure. Once intelligibility has been established 
between the parts of the new learning material for which a match can 
be made, the unmatchable portion may be dealt with through accommodation. 
Hence the use of analogy in an explanation may enable the learner to 
assimilate radically new learning material by acting as a focusing 
device and filtering out masking "noise". For example, consider the 


problem of explaining a scientific theory to someone who is not familiar 
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with it. Because theories are abstracted from specific instances and 
must be generalizable to further instances, their concepts and 
relations are abstract. The neophyte probably does not possess clearly 
defined relational concepts or rule-sets in his cognitive structure 

to match with the new learning material. If an explanation of the 
theory were to consist of presenting the theory in its most abstract 
form, those concepts and relations for which the learner had previously 
constructed adequate structures may be masked by noise from the unmatch- 
able portion of the new learning material,with the result that the 
explanation would be registered as meaningless. Consequently, some 
device needs to be employed to separate the message or signal from 

the noise. This is usually done by presenting to the learner a model 
which is within his experience and which has relations among its 
elements similar to those in the theory. The function of the model 

is to remind the learner of, or provide him with, a structural frame- 
work or "system of categories" with which he is already familiar or 
with which he can with relatively little effort become familiar 
(Weller, 1970:118). The model, of course, iS not isomorphic with the 
theory in all aspects but acts to filter selected intelligible 
relations from "noise". Once the intelligible part of the message has 
been interpreted through establishing matches with existing cognitive 
structures, the unmatchable relations may be dealt with through 
accommodation of the cognitive structure. When the accommodated 
cognitive structure matches in some sense with the structure of the 


theory, the theory is said to be understood. 


tattoo vod asonent waits” | 
xbvasta z2e220q Yon s90b utapttote 0 yaaa aiT «308 
grudouide-ovitingo: 2tiowt-edse-giirr 70 oasis 

oad to WOlsensioxs ns TY LP eite 2am pnrmvest } 22 Bi 0 
Sonw2046 J20n a5 nt yrosdd, sid pnfinsesig to derenoy oo 31 ’ ne i 
ulavarverd had venvsa! odd doidw vot enottafey bag saat mt 
afotony oti moti setan yd bsdeen Sel yait 2g Us onize at Bt | to . 


git dat? dfuzsy ov! dotw Fetysdem potineel senile penne: 
cime yvlinsupeznod .225lprinsem 26 betaterpey , ad ou acs ancee 


mort (sopte 10. spse2om olf steasqe2 OF beyolqms ad od 


febew. s Aonvéeal sft, of anteuseeta vd “Saob: \ Lieven et 2th, rer 
+ 


277 pnomMe giortsi ay zen doriw DAB agnarvagxs ein atte 
fabom sid to noltonut aft swrosad any nF sept vitaisiital 4 
“onen? (eiwioutie £ ‘dg th mit abi vorg 40. yt 1903666 aa hiihein a 
yo “ior ima? ybseuls ater ‘eb itttwe Nestyopaseo Yo wateye® x0 10M 


yvearlimbt gmoosd Ore Sigotl yilevidelay vp tw “hea | 


oid Asiw sidievomezr ton 2h yeawoo ta.,lebon. oT 
sidiwil feswt, baissiSe 45th oF 2to5 sud. etoaae 

2a epszeey oi9 to 210q aldtptifednt enf-sond =. "sahownl 
eviiingos patterns nitw zeilSten Paine Idese9 — bode 
Apuorntd. iYiw 3 feeb eamek at dado 


16 


In performing this linking function the analogy may also serve 
as a motivating device since the student is able to discern that he 
does have the knowledge to assimilate the new learning material. Perhaps 
this is what Asimov (1959:535) was referring to when he said that the 
judicious use of analogies adds to the interest and pleasure of a 


course. 


Analogy and Accommodation 


Jenkins (1966) views a concept as a system whose elements are 
related through a consciously held set of interrelated rules. This 
view of concepts supplies yet another way in which the use of an analogy 
in an explanation may aid in the adaptation process. According to 
Jenkins, if an individual has learned a concept, he has constructed an 
interrelated set of rules in his cognitive structure which he can apply 
in attempting to learn a new concept. In learning the new concept, 
however, the existing set of rules will need some modification. If 
an analogy can be set up between a familiar concept and the concept to 
be learned, then each rule of the familiar concept can be transferred 
to and be tested between or among the corresponding elements of the 
new concept. If it is applicable, it can be adopted as part of the 
rule set for the new concept. This process of fitting rules to the 
elements of the new concept is thought to continue until a point is 


encountered where a rule of the familiar concept is not applicable 
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to the corresponding elements of the new concept. In other words, a 
point of disanalogy is reached and the cognitive structure must 
accommodate to structure a new rule which will encompass the new relation 
encountered so a match can be attained between the new concept and the 
cognitive structure. According to Lazslo (1972) the new rule required 
is formulated by trial and error learning in which the use of analogy 
is once again involved. Learning of concepts in Lazslo's model 
proceeds by the awareness of the problem, formulation of hypotheses, 
and trial and error activity testing the hypotheses. In this model 
analogies serve to suggest hypotheses for possible rules to be tested. 
The hypotheses are generated by the mind system by setting up analogies 
between the elements of the new concept and different concepts in the 
cognitive structure. Each hypothesized rule generated from the ana- 
logies is tested in the new concept until a satisfactory rule is found 
or is abstracted from the various analogies. The newly generated rule 
is then integrated into the set of rules for the new concept. The 
process of transferring rules from the familiar concept and formulating 
new rules continues until a satisfactory set of rules is constructed 

in the cognitive structure to encompass the relations of the elements 
in the new concept. At this point the concept is said to be under- 
stood and the structure of the new interrelated set of rules in the 
cognitive structure represents a new concept in the mind system. Hence 
the use of analogy is thought to effect understanding by aiding the 
adaptation process through pointing out to the learner where accommo- 


dation must occur and it is thought to aid in the accommodation process 
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itself by acting as a device to suggest hypotheses for the formation 
of new rules. 

The use of a well chosen analogy in an explanation can be used 
to aid the student in transferring rules from a concept with which he 
is familiar to new concept and discerning points of difference between 
the familiar and new concepts so the student will be aware of areas 
where accommodation is necessary. For example, Richmond (1970:68-69) 
presents an analogy between an amoeba and the mind system in explaining 
the concepts of assimilation and adaptation in the adaptation process 
of the mind system to its environment. He points out that the two 
systems are similar in that the taking in of nutrients and rebuilding 
them into amoebic substance is comparable to the intellect absorbing 
experiences and restructuring them to fit them into the cognitive 
structure. However, a point of disanalogy is reached when it is real- 
ized that the nutrient balance between the amoeba and its environment 
does not change qualitatively during the life of the creature whereas 
in the case of mental structures, there are changes as the individual 
gains experiences. Each new experience of the mind system modifies 
existing mental structures and the cognitive structure becomes more 
comprehensive in its ability to assimilate and accommodate to new 
experiences while the ability of the amoeba to assimilate and 
accommodate to its food remains static throughout its life. In this 
example, Richmond has transferred the rules governing the familiar 


behavior of the amoeba to the mind system and has pointed out to the 
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Student an area where the amoebic model requires accommodation to gain 


an accurate understanding of the mind system. 


Analogy and Abstraction 


Bruner (1973) has proposed a mechanism of learning in which 
relational network structures consisting of abstract relations and non- 
specific elements are incorporated in the cognitive structure. He 
refers to these structures as "formal coding systems" (Bruner, 1973:220). 
These formal coding systems or schemata are defined as a set of conting- 
ently related, non-specific categories (Bruner, 1973:221). In other 
words, a formal coding system is like a complex of empty sets between 
which certain relationships have been established. When content, in 
terms of concepts, is filled into the empty sets, Bruner claims that 
the concepts adopt the relationships which existed between the empty 
sets. 

When a formal coding system is initially learned it has con- 
tent, but by a process of abstraction, generalization of the code takes 
place, ultimately leaving a network of empty categories tied together 
by a network of abstract relations. Langer (1953) claims that the 
mechanism fundamental to the abstraction process is analogy. She 
maintains that "The great value of analogy is that by it, and it alone, 
we are led to seeing a 'logical form' in things which may be entirely 
discrepant as to content" (Langer, 1953:33). It would appear that 


Langer's statement is an extravagant claim since she neither sub- 
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stantiates her claim, nor does she indicate the mechanism through which 
analogies act in the abstraction process. A possible mechanism was 
suggested, however, by Spearman. 

Spearman (1923) has postulated a mechanism wherein analogy 
functions in the abstraction process. He claims that when man is 
presented with two or more concepts, there is an immediate evocation of 
a sense of relation between or among the concepts. Spearman labelled 
this mechanism the eduction of relations. According to Spearman, the 
particular relationship which is educed from the many relationships 
which may obtain is determined by analogy through the process of 
analogizing. In this process the learner compares the corresponding 
pairs of elements of the two fields of an analogy and maps the relations 
of the primary field onto the corresponding pairs of elements in the 
secondary field. Since the relations between corresponding pairs of 
elements in the two fields of the analogy are the same, the correct 
relations are established between the elements of the secondary system 
and are available for abstraction. Furthermore, since the elements of 
the two fields of the analogy differ while the relations are the same, 
the relations become figure and the elements become ground. Hence, the 
relations stand out from the elements and are more readily available 
for the abstraction process. This may be the mechanism James ( 1892) 
was referring to when he described scientific man as gathering cases 
fromwhich commonalities could be abstracted. 

In summary, Spearman suggests that analogy facilitates the 


abstraction process by indicating to the learner those particular 
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relations which are to be educed from the many relations which may 
obtain between the elements of the secondary field and by making the 


relations more readily available for the abstraction process. 


Analogy and Interpretation 


After a structure of relations or formal coding system has been 
abstracted and incorporated into the cognitive structure, it may be 
applied to understanding similarly structured new learning materials. 
When a formal coding system is to be applied to new learning material, 
the categories of the relational structure must be given content. This 
process is referred to as interpretation and is effected by filling the 
empty sets with familiar concepts. An explainer may aid the learner in 
this process by supplying the learner with the primary field of an 
analogy. Since the primary field contains familiar elements embedded 
in the relational structure, the interpretation process is accomplished. 
The learner is then in a position to employ the primary field as a 
structural model for understanding the new learning material. The 
structural model serves as a pattern which may be used to examine the 
structure of relations in the new learning material through the process 
of analogizing. 

As discussed earlier, the mechanism of matching the appropriate 
relations may be accomplished through the "eduction of relations" 


suggested by Spearman. A possible mechanism for correctly matching 
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the analogates of the primary and secondary fields of an analogy is 
suggested in Spearman's second principle of cognitive growth, namely, 
the eduction of correlates. According to this principle, if man is 
presented with a concept and a relation, a second concept or correlate 
is immediately educed or generated. When a learner is presented with 
new learning material it may not be evident to him which correlate is 
to be educed from among the many which may obtain between a given 
concept and relation. If the explainer presents the learner with 

the primary field of an analogy, the concepts presented with a given 
relation in the primary field may indicate to the learner which 
correlate is to be educed from a concept and the corresponding relation 
presented in the secondary field. In this way the primary field of 
an analogy may aid the learner in interpreting the secondary field. 

In summary, it has been argued that the use of analogy in 
explanation aids the learner in the assimilation, accommodation, 
abstraction and interpretation processes of cognitive growth. Since 
in these processes analogy in explanation appear to assist the learner 
in achieving a match between new and existing cognitive structure, it 
may assist the learner in understanding new learning material. The 
hypothesis that the use of analogy in verbal explanation may increase 
understanding of new learning material is put to empirical test in 


the present study. 
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RULES FOR CONSTRUCTING ANALOGIES 


If analogy is to be used by the teacher in scientific explana- 


tions, some guidelines for constructing the primary field of an analogy 


Should be considered for it is the primary field which acts as a 


projective model for understanding the explanation. Belth (1975) has 


attempted to supply at least a rudimentary list of properties which 


should be kept in mind in constructing a primary field for an analogy. 


While any source can be used as a source of primary fields as long 


as there are some similar features of relationships with the secondary 


field, the primary field should have at least the following properties: 


ie 


There must be coherence and consistency within the 
primary field so that the parts fit together and do 


not contradict one another. 


There must be a correspondence between the elements of 
the primary and secondary fields. That is, the 

primary field must contain within it correlates of 

those aspects of the secondary field which are the focus 


of concern. 


Since the primary field is constructed for the express 
purpose of making clear traits, relationships, 
features, functions, or what is obscure in the secondary 


field, the primary field must have clarity. 
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The primary field must have at least logical validity, 


and, where possible, empirical validity. 


The primary field ought to be derived from some observ- 


able realm. 


The primary field must provide an opportunity to see 
features, functions, relationships, or ensembles which 


are not easily seen in the original. 


To Belth's list the author would like to add two more properties: 


tho 


8. 


The primary field should not be presented at a higher 
level of semantics nor at a more complex sytactical 


level than the explanation itself. 


It should be remembered that the primary field is not 
meant to be a true copy of the secondary field. However, 
excessive extraneous material in the primary field may 


result in confusion of the learner. 


The above properties were taken into consideration in construc- 


ting the primary fields for the analogies used in the present study. 
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CLASSIFICATION OF ANALOGIES 


Analogies can be classified along five dimensions. The first 
dimension is dependent on the number of systems employed in the primary 
field to elucidate the elements and/or relations of the secondary field. 
If two or more different systems are employed in the primary field to 
elucidate the elements and/or relations of the secondary field then 
multiple analogies have been employed. If, on the other hand, one 
system is employed in the primary field to elucidate the elements 
and/or relations of the secondary field then a singular analogy has 
been employed. In the present study singular analogies were 
employed. 

The second dimension is concerned with the nature of the elements 
in the primary field. The elements of the primary field may be either 
concrete or conceptual. Concrete elements are actual physical objects 
whereas conceptual elements are objects that exist solely in the mind 
system. An analogy which employs concrete objects as the elements of 
the primary field is known as a concrete analogy. An analogy which 
employs conceptual objects in the primary field is known as a conceptual 
analogy. Both types of analogies were used in the present study. The 
use of the Kinetic Molecular Theory and the use of the letters of the 
alphabet in Experiments I and III, respectively, constituted conceptual 
analogies. In the other primary fields of Experiment I and those of 
Experiment II concrete objects were employed; hence, these analogies 


constituted concrete analogies. 
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The third dimension employed to classify analogies deals with 
the nature of the relationships among the elements of the primary field. 
The relationships among the elements may exist by virtue of a directly 
perceived relatedness based on mere correlation—qualitative relations, 
or they may be more precisely defined in quantitative terms as ina 
mathematical formula. Hence analogies may be classified as either 
qualitative or quantitative depending on the relations in the primary 
field. In the present study only qualitative analogies were investi- 
gated. 

The fourth dimension employed in the classification of analogies 
is concerned with the closeness of the matching of elements and relations 
between the primary and secondary fields. If each element and relation 
under consideration in the secondary field has a corresponding element 
and relation in the primary field then the analogy is said to be strong. 
If only some of the elements and relations of the secondary field have 
correspondents in the primary field the analogy is said to be weak. 

In the present study strong analogies were used. 

The fifth dimension employed in the classification of analogies 
in teaching is the mode of presentation of each of the fields of the 
analogy. Each of the fields may be presented to the learner verbally 
erearan speech or the written word, pictorially through the use of 
pictures and/or diagrams or physically through the use of physical 
objects. The combinations of these three modes of presentation taken 
in pairs leads to nine different types of analogy. In the present 


study verbal (written)--verbal (written) and physical--verbal (written) 
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analogies were employed. For the purposes of this study, the former 
is referred to as verbal analogy and the latter is referred to as 
physical analogy. 


In the present study all analogies employed were: 


(a) singular since only one primary field system was used to 
elucidate the elements of the secondary system, 

(b) qualitative since the elements of the primary field are re- 
lated through mere subjectively sensed correlation, 

(c) strong since each element and relation under consideration 
in the secondary field has a corresponding element and 


relation in the primary field. 


Hereinafter, when the word "analogy" is used in reference to the 
design or results of the present study, singular, qualitative, strong 
analogy will be implied unless otherwise indicated. Since physical 
analogy implies the use of concrete objects in the primary field, the 
use of the terms "physical analogy" implies concrete, singular, 


qualitative, strong analogy. 


DESIGN OF THE STUDY 


The present study consisted of three separate experiments which 
were carried out witn secondary school students in the classroom setting. 


In all experiments one scientific explanation and its associated 
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criterion test were administered to each subject in written form in a 
booklet. In two of the experiments (Experiments I and III) the primary 
field of a verbal analogy also accompanied the scientific explanation 
in the booklet, except in the case of control group members who received 
only the scientific explanation and criterion test questions. In 
the other experiment (Experiment II) the primary field of a physical 
analogy was demonstrated to experimental subjects and then both experi- 
mental and control group subjects were presented with booklets containing 
the scientific explanation and criterion test. 

Since the design of each experiment differed somewhat from the 


others, a short outline of each is presented in turn. 


Experiment I - Verbal Analogies 


The sample for Experiment I consisted of 1,258 tenth grade 
students enrolled in an introductory chemistry course and 814 eighth 
grade students enrolled in a general science course. 

Six different scientific explanations were constructed. Three 
different physical phenomena were chosen for the content of six scien- 
tific explanations: liquid-vapour equilibrium in a closed system, 
compression of a gas, and diffusion of a mixture of gases. For each 
phenomenon two explanations based on the Kinetic Molecular Theory 
were written: one short (approximately 150 words) and one relatively 
longer (approximately 300 words). For each of the six scientific 


explanations constructed, the primary field of concrete verbal analogy 


was written. 
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Seven treatments were then constructed for each of the six 
scientific explanations. The first four treatments were constructed 
by placing the primary field of the analogy in four different positions 
with respect to one of the scientific explanations. In the first 
treatment, the primary field of the analogy was placed in a booklet so 
that it was read by subjects immediately before reading the scientific 
explanation. The second treatment consisted of placing the primary 
field of the analogy so that it was read by subjects immediately after 
the scientific explanation. The third treatment was constructed by 
presenting to the subject the first paragraph of the explanation 
immediately followed by the corresponding paragraph of the primary 
field of the analogy so that it was read by subjects immediately after 
the scientific explanation. A fourth treatment was constructed by 
presenting the scientific explanation in the left hand column of a two 
column page and presenting the primary field of the analogy in the 
right hand column of the page. A fifth treatment consisted of adminis- 
tering the primary field of the analogy to subjects two days before 
the scientific explanation was read by the subject. In the sixth 
treatment the postulates of the Kinetic Molecular Theory were presented 
to subjects two days before subjects read the scientific explanation. 
In the seventh treatment (the control group), subjects read only the 


scientific explanation. 


Two types of tests were then constructed for each explanation 


and its corresponding primary field: an analogy test designed to 
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measure whether subjects who read the scientific explanation and its 
corresponding primary field understood the analogy, and a criterion 
test designed to measure the subjects’ comprehension of the scientific 
explanation. Subjects in first to fifth treatment groups, inclusive, 
were required to respond to the analogy test and all subjects were 
required to respond to the criterion test. 

Forty-two booklets (six explanations x seven treatments) were 
then constructed. Booklets for the first to fourth treatments 
contained the scientific explanation, corresponding primary field, 
corresponding analogy test and corresponding criterion test. Booklets 
for the fifth treatment were the same as for those for the first to 
fourth treatments except they did not contain the primary field of 
the analogy. Booklets for the sixth and seventh treatments contained 
only the Pent explanation and the corresponding criterion test. 
Each of the forty-two booklets was then duplicated so that one set 
could be issued to males and the other to females. Treatments were 
administered at random to eighth and tenth grade subjects within 
classes and the results of the criterion tests were analyzed using 


twelve 2 x 7 (sex by treatment) fixed effect factorial designs. 
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Experiment II - Physical Analogies 


The sample for Experiment II consisted of one hundred students 
at the ninth grade level enrolled in general science classes in one 
school. 

The two scientific explanations employed in this experiment con- 
sisted of two of the longer explanations written for Experiment I; 
namely, compression of a gas and diffusion of a mixture of gases. The 
criterion tests were also identical to those used for these two 
explanations in Experiment I. 

For each explanation, classes were split into experimental] 
subjects and control subjects, by assigning a number to each student 
and then using a random number table to assign subjects to one of the 
two groups. The members of the control group were asked to leave the 
classroom while the researcher demonstrated one primary field of a 
physical analogy to experimental group members. Each primary field 
simulated the relations of the corresponding scientific explanation 
using physical objects. After experimental group members had watched 
the demonstration, the control group members were called back into 
the classroom and all students read the corresponding scientific 
explanation and responded immediately to the corresponding criterion 
test items. This procedure was repeated for three classes for the 
compression of a gas topic and two larger classes for the diffusion 
of a mixture of gases topic. Results were then analyzed using a 
t-test to test the difference between experimental and control group 


means for each explanation. 
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Experiment III - Extended Verbal Analogy 


The sample for this experiment consisted of 81 ninth grade 
students enrolled in a general science course. 

For this experiment a scientific explanation (somewhat longer 
than those employed in Experiments I and II) consisting of 823 words, 
was written concerning the classification of matter and chemical change. 
The corresponding primary field of a verbal analogy was then written 
and a criterion test was constructed and treatments were distributed 
at random to subjects within classes. Those subjects who received a 
booklet containing the scientific explanation, primary field of the 
analogy and the criterion test, were designated as experimental group 
Subjects. Subjects who received the booklet in which only the 
scientific explanation and criterion test were present constituted 
the control group. Experimental subjects read the scientific ex- 
planation, the primary field of the analogy and then immediately 
responded to the criterion test items. The control group subjects 
read only the scientific explanation and then immediately responded 
to the criterion test. The difference in means of the experimental 


and control groups was analyzed using a t-test. 
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HYPOTHESES AND RELATED QUESTIONS 


The statement of the problem was analyzed under the following 
hypotheses. 

H, There is no significant difference in immediate comprehension 
between male and female subjects when a concrete verbal or a conceptual 
verbal analogy is employed in a scientific explanation. 

Ho When a concrete verbal analogy is used in a scientific 
explanation the sequence in which the primary and secondary fields are 
read results in differences in immediate comprehension. The hypothesized 
order of treatment means is: 

Pre < Post < Within < 5xs < Advance Analogy. 

H When a concrete verbal analogy is used in a scientific 
explanation, there is no difference in immediate comprehension 
between sexes for any one of the formats in which the analogy is 
presented. 

Ha When a concrete verbal analogy is used in a scientific 
explanation, comprehension of that scientific explanation is greater 
than when a conceptual verbal analogy is used in the scientific 
explanation. 

He When an analogy is used in a scientific explanation the 
effect it has on immediate comprehension of the scientific explanation 
is independent of the topic of the scientific explanation. 

He When a verbal analogy is employed in a relatively short 


scientific explanation, it has little or no effect on increasing the 
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immediate comprehension of the scientific explanation over that 
obtained when the scientific explanation is read without an analogy. 
However, when a verbal analogy is employed in a longer scientific 
explanation such an increase in immediate comprehension is 

observed. 

Ho The use of a verbal analogy in a scientific explanation 
does not increase immediate comprehension of the scientific explana- 
tion for subjects in the eighth grade as it does for subjects in 
the tenth grade. 

He The use of a physical analogy in a scientific explanation 
increases comprehension of the scientific explanation over that 
obtained when the scientific explanation is presented without a 
physical analogy. This increase will be greater than that obtained 
when a concrete verbal analogy is used in the scientific 
explanation. 

The rationale for each of these hypotheses is developed in 
the review of the literature presented in Chapter II. 

These hypotheses are examined under the following research 
hypotheses, associated questions and by comparison of the results 


of the three experiments. 
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Experiment I: Verbal Analogies 


Hypothesis 


There is no significant difference in criterion score means: 
(a) between sexes and (b) among treatment formats and (c) there is 


no significant sex by treatment format interaction effect. 


Associated Questions 


Is the effect which the use of a verbal analogy in a scientific 
explanation has on comprehension of the scientific explanation 


independent of the: 


1. type of verbal analogy employed? 


2. topic of the scientific explanation? 


wW 


length of the scientific explanation? 


> 


grade level of the subjects being tested? 


Experiment II: Physical Analogies 


Hypothesis 


There is no significant difference in criterion score means 
between treatment group (physical analogy) and the control group 


(scientific explanation only). 
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Experiment III: Extended Verbal Analogy 


Hypothesis 


There is no significant difference in criterion score means 
between the treatment group (verbal analogy) and the control group 


(scientific explanation only). 


DELIMITATIONS OF THE STUDY 


The present study employed four different topics selected as 
being representative of topics included in the chemistry sections in 
the science curriculum at the eight to tenth grade levels. Since the 
curriculum guides indicate that these topics are to be taught at a 
qualitative level, the relations among the elements in the scientific 
explanations of the present study are qualitative in nature. There- 
fore, the results of the present study are not generalizable to 
quantitative relations among the elements of scientific explanations, 
nor to areas of the science curriculum other than chemistry. They 
are, however, generalizable to other similar qualitative explanations 
in the chemistry sections of the junior high school curriculum. 

The present study employed only one primary field system for 
each scientific explanation. Therefore, the results of the present 


study are not generalizable to multiple analogies. 
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Since in the present study all the analogies employed were 
strong analogies, the results of the present study are not generaliz- 
able to weak analogies. 

Since analogies are frequently employed in science textbooks 
and in teacher demonstrations, the present study was designed to simu- 
late these two modes of presentation of analogies. Hence, in 
Experiments I and III the primary and secondary fields of the analogies 
were presented to subjects in written form to simulate the use of 
analogies in textbooks (verbal analogies). In Experiment II, the 
primary field was demonstrated to subjects by the teacher using 
physical objects and the secondary field was presented to subjects in 
written form to simulate teacher demonstrations (physical analogies). 
Since only verbal and physical analogies were used in the present 
study the results of the study are not generalizable to other modes 
of presentation of analogies. 

The results of the study are limited to the formats in which 
the primary and secondary fields were presented in the present study. 

Since there is some evidence (Lunzer, 1970; Orlando, 1971) 
which indicates that the understanding of abstract analogies is depen- 
dent on the attainment of the proportionality schema which is not 
evident until the stage of formal operations and it was felt that an 
understanding of the analogies was necessary for them to be of 
assistance in increasing comprehension of the scientific explanations, 
subjects who would normally be at the forma! operations stage were 


used in the present study. Eighth grade subjects (average age: 
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thirteen years) were used because at this age subjects are just beyond 
the age at which the onset of formal operations normally occurs but is 
not equilibrated. On the other hand, tenth grade subjects were used 
because at this age subjects are near equilibration of the formal 
Operations stage. Since the understanding of the analogy employed in 
the explanation may be dependent on whether or not the subjects have 
reached the stage of formal operations and the degree to which this 
stage is equilibrated, the results of the present study are not 
generalizable to age groups either younger or older than those employed 
in the present study. 

In the present study comprehension of the scientific passages 
was measured with a multiple choice test immediately after the subjects 
had completed the assigned reading task to determine the effect of the 
use of analogy on immediate comprehension as measured by a multiple 
choice type of test. Therefore, the results of the present study can 
not be generalized to comprehension which is measured after an elapse 
of time between the reading of the scientific explanation and respond- 
ing to the criterion test. 

In summary, the results of the present study are generalizable 
to the immediate comprehension by students engaged in the study of 
topics in the chemistry units of the junior secondary science curric- 
ulum in which the relations between the elements of the scientific 
explanations are qualitative and in which the types of analogies 
employed are singular, qualitative, strong, verbal or physical, and 


whose primary fields contain concrete or conceptual elements. 
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LIMITATIONS OF THE STUDY 


Schools selected for the present study were schools available 
to the researcher to carry out the study. While all of the schools 
approached agreed to participate in the study, they may have been non- 
representative of the general population by virtue of their extremely 
co-operative manner. The results of Experiments II and III were 
obtained within only one school and the researcher was a staff member 
at that school. Generalization of the results of these two experi- 
ments to other schools should be undertaken with caution. While class- 
room groups within schools were not selected randomly, in every case 
but one all of the classes at the given grade level participated in 
the study. 

At the suggestion of the principals of the schools involved in 
Experiment I at the eighth grade level, the administration of advance 
treatments (Advance Analogies and Advance KMT) was carried out using 
intact classroom groups. Since the classroom groups employed in these 
treatments may have been unique in some respect generalization of 
the results for these two treatments must be done with care. 

It was assumed in the present study that the average reading 
level of the subjects was adequate to follow the syntax of the written 
material presented to them. If subjects were on the average poor 
readers or exceptionally good readers then the generalizability of 


the findings in the present study may be in jeopardy. 
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In the judgment of four experienced classroom teachers the 
subject matter of the scientific explanations represented new learning 
material which might be encountered in a regular classroom situation. 
If subjects were either completely familiar or completely unfamiliar 
with the subject matter, the theoretical framework developed for the 
present study would not be applicable and the results of the experi- 
ments would be open to question since the theoretical framework for 
the present study was based on new learning material as norma! ly 
encountered in the classroom. 

It was further assumed that the primary fields of the analogies 
were either within the experience of the subjects or could be readily 
learned and visualized by the subjects. If this assumption was not 
met, then use of the primary fields could not be of assistance to the 
learner in understanding the new learning material. Furthermore, it 
was assumed that the primary fields selected for this study would be 
more useful to subjects in their attempt to understand the scientific 
explanations than those which they might spontaneously generate themselves. 
If subjects were able to generate more helpful primary fields, those 
supplied would not be used by the learner with the result that the 
validity of any inferences drawn concerning the learner's use of a 
supplied analogy would be fallacious in that the learner did not use 


the analogy presented. 
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PLAN OF THE REPORT 


Chapter I introduced the problem and briefly examined the use 
of analogy in explanation from the point of view of several cognitive 
psychologists. It was argued that the use of analogy in explanation 
serves in a number of different ways to effect understanding of an 
explanation by aiding in the processes involved in establishing a 
match between the cognitive structure and the elements and relations 
of the new learning material. It was hypothesized that since the use 
of analogy appears to facilitate the matching processes, analogy is 
a device which can be used in explanation to promote understanding 
and hence increase comprehension of new learning material. 

Rules for generating analogies and the system used to classify 
analogies in the present study were then presented. 

Chapter II presents a more comprehensive and detailed discussion 
of the use of analogy in explanation to increase comprehension of the 
explanation. Empirical and theoretical studies related to this use 
of analogy are reviewed to establish an empirical-theoretical basis 
for this pedagogical use of analogy and for the hypotheses and 
parameters of the present study. In the first section, studies are 
examined which attempt to establish an empirical base for the position 
that learning is facilitated when the existing cognitive structure 
can be matched in some manner with the new learning material. The 
second section reviews empirical studies related to the assumption 


that analogy is a device which increases comprehension by facilitating 
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the match between the cognitve structure and new learning material. 
The third section reviews the role of analogy in new concept formation. 
The fourth section reviews the research related to the development of 
analogical reasoning in children. The use of analogy in the different 
stages of human learning is outlined in the fifth section. In the 
sixth section, it is argued that the analogical process is a mechanism 
whereby new concepts may be learned and that this process is one 
of the mechanisms of the subsumption process of Ausubel's theory 
of Meaningful Verbal Learning. Ausubel's theory is then employed 
to generate parameters for the present study. The final section 
discusses research related to other major parameters of the 
present research. 

Chapter III describes the sample, materials, procedures and 


statistical design for each of the three experiments in the present 


study. 

Chapter IV is divided into three sections corresponding to the 
three experiments of the present study. In each section the results 
of one of the experiments is presented. This is followed by a 


discussion of the results and their relation to the findings of other 
researchers and previous pilot studies. The discussions following 
Experiments II and III also relate the findings of each of these 
experiments to those of Experiment I. 

The final chapter presents a summary of the results of the 
three experiments, implications of the present study for science teach- 


ing and recommendations for further research. 
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CHAPTER II 


REVIEW OF THE LITERATURE 


In a review of the literature of analogy one cannot help but be 
impressed by the great respect philosophers have held for analogy as 
a learning device on the one hand, and the paucity of research by 
psychologists and educators on the other. Schon (163:41-44) gives 
several reasons for this neglect of attention to the role of analogy 
and metaphor in the formation of concepts. He claims that the ration- 
alist school of thought regards analogy as one of many rhetorical 
devices whose function is to serve as an ornament to language. Another 
school takes the position that there are two separate modes of symbolism: 
One for science and a second for the arts. Analogy and metaphor are 
clearly placed in the latter and therefore are not to be dealt with 
in the realm of scientific investigation since they have some sort of 
mystical powers which are to be used by those not interested in pre- 
cision of thought. Furthermore, the methodological problems of 
investigating this inner process are very difficult to overcome. Hence 
the scientific study of analogical thought processes has been very 
slow in developing. 

In this review of the literature an attempt is made to bring 
together some of the psychological and philosophical studies which 
have some bearing on the elucidation of analogical thought processes to 


lay a foundation for the pedagogical use of analogy. 
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As pointed out in Chapter I, in the view of cognitive psycho- 
logists, learning implies growth of the cognitive structure or mind- 
system. Growth, in turn, implies construction by the mind-system of 
new cognitive structures or modification of old ones. The raw 
materials for this construction process are present apprehensions and 
cognitive structures already in the mind-system. Construction of new 
cognitive structures occurs through the processes of assimilation and 
accommodation. When the assimilation-accommodation process results in 
a match between new apprehensions and the cognitive structure, the 
new apprehensions are said to have been understood and new concepts are 
thought to have been constructed in the mind-system. It follows that 
any device which aids the assimilation and accommodation processes to 
achieve this match not only aids the learner in understanding new 
learning material, it also aids in developing new concepts. The 
discussion presented in Chapter I indicated that analogy may be such 
a device. The present chapter examines research related to the assumption 
that new learning material is comprehended when a match is established 
between the new learning material and the cognitive structure and the 
roles that analogy is thought to play in establishing this match. 

The research which appears most closely related to an examin- 
ation of the assumption that new learning material is comprehended 
when a match is eatablished between the new learning material and the 
cognitive structure occurs in studies in which transfer of learning 
paradigm is employed. In these studies experimental subjects are 


administered an initial learning task with the objective of establish- 
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ing a certain kind of structure in the cognitive system. The initial 
learning task is followed by a second task which has an analogous 
structure. The control group is administered only the second task. 

The treatments are then followed by a criterion test to measure the 
difference in achievement between the two groups on the second task. 
Since the object of the present study is to determine whether understand- 
ing of a scientific explanation is enhanced by the presentation of a 
familiar analogous system through which the elements and relations of the 
scientific explanation may be ordered, it appears that a survey of 
transfer-of-learning type of studies is relevant to the present 

study. 

A number of transfer of learning studies were performed during 
the period 1930-1960 but their popularity in the literature appears to 
have diminished somewhat since that period. Hence, the literature 
survey of transfer-of-learning type of studies in the following section 


is mainly drawn from this time interval. 


THE COGNITIVE STRUCTURE AND COMPREHENSION OF NEW LEARNING MATERIAL 


Postman (1954), in a series of experiments using geometric 
figures with college students, attempted to determine the role of ex- 
plicit training in retention of figural material. He found that subjects 
given explicit training in the derivation of figural patterns from code 


models retained the geometric figures better than those wno had not 
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received explicit training. Ausubel (1960) gave college undergraduates 
an advance organizer two days previous to presenting to them a passage 
dealing with the metallurgy of carbon steel. He found they were able 
to learn and retain this unfamiliar material better than students who 
were presented with the passage alone. In another study using one 
hundred fifty-five senior undergraduate students, Ausubel and Fitzgerald 
(1961) found that when new learning material in the form of Buddhist 
doctrines was presented, students who were knowledgeable in Christian- 
ity (the same subject area) did significantly better on a test of 
Buddhism than those subjects who were not knowledgeable in Christianity. 
Ausubel and Fitzgerald (1961:268) claimed that the discriminability of 
the Buddhism learning material varies as a function of the clarity 

and stability of the established concepts to which it is related. The 
authors also found that if an advance organizer to furnish ideational 
anchorage was given two days previous to the presentation of the 
Buddhism passage, the subjects who were given advance organizers but 
were not familiar with Christianity score significantly higher on a 

test of Buddhism than the control group subjects who were not adminis- 
tered the advance organizer. 

Other studies (Ausubel and Youssef, 1963 ; Grotelueschen and 
Sjogren, 1968; Merrill and Stolurow, 1965) in which advance organizers 
have been employed indicate that comprehension is significantly 
increased when an advance organizer is given several days before the 
presentation of the new learning material. 

These studies appear to indicate that when the learner has 


previously established cognitive structures which are similar to those 
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in the new learning material, learning and retention of the new learning 
material is enhanced. Since a primary field of an analogy is presumed 
to be a structure with which the learner is familiar or can easily 
learn, its use in the presentation of a scientific explanation may 
result in it acting as a previously established cognitive structure-as 
an "ideation scaffold" upon which new learning material may be learned 
and retained. 

Studies on rats have indicated that reversal learning is facili- 
tated when the first of two discrimination problems is overlearned 
(Bruner, 1958). This study seems to indicate that when a pattern of 
behavior or set of rules for behavior is established in the cognitive 
errccture it can be applied to analogous situations. 

Verbal prefamiliarization with the content of films by means of 
a pretest (Stein, 1952) or by exposure to key words (Weiss and Fine, 
1956) also facilitates learning and retention. It appears from these 
studies that the questions of a pretest or key words become organizing 
centers in the cognitive structure.about which new learning material 
is learned and retained. If thinking and learning is, as Belth (1975) 
suggests, based on analogical models of the mind-system, perhaps when 
an analogy is presented it may become a center about which new learning 
material can be learned and retained. 

Judd (1902) and Henrickson and Schroeder (1941) were able to 
show that if the general principle of refraction of light was taught 


previous to trying to hit an underwater target, learning was facilitated. 
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Erwin (1960) found that if third and fourth grade students were given 
explicit instruction in the principle that the angle of reflection is 
equal to the angle of incidence when bouncing metal balls off a barrier 
to hit a target, they could perform better than subjects not given the 
principle on the analogous task of reflecting a light beam off a mirror 
to hit a target. However, this effect does not occur unless subjects 
are able to perceive the similarity (analogy) between the path of the 
ball and the path of a beam of light and the governing principle. 

These studies appear to indicate that scientific principles can act as 
the primary field of an analogy in understanding and performing novel 
tasks. 

Seward (1966) studied the relationship between previous study 
in mathematical proportions and ability to solve verbal analogy problems. 
His sample consisted of nine hundred thirty students in grade eight. 
He divided the sample into groups on the basis of the number of years 
the student had studied mathematical proportions and on the basis of 
I.Q.: high (>124); average (106-124); low (<106). Using analysis of 
covariance, he found that average students who had studied mathematical 
proportions in all three grades (five, six and seven), and the average 
group that had studied proportions in grade seven scored significantly 
higher on the verbal analogies test than the control group subjects 
who had not studied proportions in grade five, six, or seven. Further- 
more, he found that the study of proportions in all three grades had 


little effect on low and high I.Q. subjects; however, it made it 
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possible for the students of average intelligence to perform almost as 
well as the students of high intelligence on the verbal analogy test. 
It appears that previous training in mathematical proportions may have 
some transfer value to the solution of verbal analogies for the average 
student. 

Seward's study appears to indicate that the average group had 
established in their cognitive structure, as a result of the training, 
an ability for working with analogical relations which enhanced their 
ability to perform verbal analogies. In other words a previously 
established cognitive structure enhanced their ability to comprehend 
analogously structured new learning material. 

A number of other studies indicate that previous learning affects 
further learning in analogous situations. Some of these are summar- 
ized in the following paragraph. 

Previous learning in arithmetic (Brownell, 1949; Swenson, 1949; 
Thiele, 1938) and spelling (Gates, 1935) has been shown to enhance 
positive transfer. Geometry can be taught to cultivate critical and 
reflective thinking in other fields (Fawcett, 1935; Ulmer, 1939) and 
the teaching of genetics can be so organized as to modify superstitious 
thinking in racial prejudice (Bond, 1940). Liublinskaya (1957), 
Kendler and Karasik (1958) and Caray and Goss (1957) have shown that 
the availability of distinctive verbal responses facilitates concept 
formation and conceptual transfer. 

In summary, the above studies indicate that the ability to 


comprehend and retain new learning materials is somewhat dependent on 
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previous learning which has a structure similar to that of the new 
learning material. When the structures are similar, it appears 
that a match between the cognitive structure and the new learning 
material is facilitated and understanding and retention is enhanced. 
When an analogy is used in a scientific explanation, the familiar 
primary field has within it the structural relationships which match 
those of the less familiar secondary field. Since the structural 
relationships are similar, the primary field should facilitate the 
match between the primary field in the cognitive structure and the 
new learning material. | Hence understanding should be facilitated. 
In the following section the research related to the ability of an 


analogy to facilitate understanding is reviewed. 


ANALOGY AND UNDERSTANDING OF NEW LEARNING MATERIAL 


In the Ausubel and Fitzgerald study described in the previous 
section, when verbal ability differences were accounted for, it was 
found that in learning an unfamiliar passage about Buddhism, subjects 
with a greater knowledge of Christianity scored higher on the Buddhism 
test than those who had less knowledge of Christianity. If it 
can be assumed that the subjects were using their knowledge of 
Christianity as their primary field, it would appear that students 
who scored higher on the Buddhism test did so because they were using 


analogy to match the relations of the new learning material to those 
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relations already in the cognitive structure. Since it was found in 
their study that those subjects who had a greater knowledge of 
Christianity did not benefit from the advance organizer as did those 
who had a lesser knowledge of Christianity, it might be inferred that 
analogous reasoning in some cases is equal to the use of an advance 
organizer in achieving comprehension of a written passage. 

To determine whether this inference had any substance, Pilot 
Study IV was designed in which the primary fields for two different 
scientific explanations (Phase Change and Diffusion as designed for 
Experiment I) were presented two days previous to administering 
the corresponding scientific explanations and criterion tests. On both 
passages the experimental group scored significantly higher on the 
criterion test than the control groups (p < .05). It therefore appeared 
that presentation of the primary field of an analogy to induce analogous 
reasoning was worthy of further investigation. Hence, in the present 
study one of the treatment groups for each scientific explanation 
in Experiment I was administered the primary field of a concrete 
verbal analogy two days before the scientific explanation was read. 
A second treatment group was administered the postulates of the 
Kinetic Molecular Theory two days before the discourse was read. The 
postulates were presented to test the claim that the best primary 
field to use in an explanation is the theory itself (Hesse, 1966). Since 
Pilot Study IV had indicated that the advance position appeared to be 
optimal in terms of increasing comprehension, the postulates of the 


theory were presented in this position to ensure that they would have 
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optimal conditions for producing an increase in comprehension. While 
the positioning of these primary fields with respect to the scientific 
explanation was the same as that used in much of the advance organizer 
research, the form in which the primary fields were written was not 
intended to emulate that of an advance organizer. 

Nuthal] (1968) in a study of teaching strategies conducted with 
four hundred thirty-two high school students attempted to determine 
whether different strategies of teaching produced measureable differ- 
ences in student learning. He employed three different kinds of 
methods: descriptive moves, comparative moves and instantial moves. 
Descriptive moves consisted of a description of a characteristic of 
the concept or a listing of the parts that make up the concept. Com- 
parative moves consisted of a comparison between the concept and some 
other concept. Instantial moves consisted of identification of an 
instance or example of the concept. Using these moves, Nuthall made 
up four teaching strategies: 

1. a sequence consisting only of descriptive moves, 

2. an alternating sequence of descriptive and instantial 
moves, 

3. an alternating sequence of descriptive and comparative 
moves, and 

4. an alternating sequence of comparative and instantial 

moves. 

The first three represented commonly occurring classroom strategies while 
the fourth one was included to complete the set. 

Nuthall's hypothesis that the inclusion of a comparative move 


would increase the effectiveness of a strategy was not substantiated. 
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In fact, for the two. different topics taught, the lowest 

mean scores on an achievement measure were obtained when alternating 
descriptive and comparative moves were employed. When the two strategies 
which contained comparative moves were compared to the other strategies, 
the results indicated that achievement under strategies containing 
comparative moves was significantly lower for both topics. While the 
use Of an analogy is not specifically mentioned, the description of 

the comparative move appears to be similar to the use of an analogy. 

If this assumption is correct, it would appear that the use of an 
analogy as a teaching strategy does not increase comprehension of the 
new learning material. However, Nuthall's cell frequency was smal] 

and the two topics he used were from social studies as opposed to 
science which is investigated in the present study. 

Dowell (1968) taught the biology concept of function to sixty 
grade nine high school students. One group was taught the concept 
using the primary field and the secondary field of visual analogies; 
the second group was shown the secondary field and a third group was 
not taught the concept at all. The students in the experimental 
group, in addition to being shown the primary and secondary fields, 
were stimulated to formulate their own analogical relationships. Al] 
groups were given an analogy test as a pretest and a content test 
before instruction, immediately after instruction, and three weeks 
after instruction. The same content test was used in all three 
cases. On the basis of the analogy test score the sample of sixty 


students was split into high and low analogy quotient (A.Q.) groups. 
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The design used for analysis was a 2x3x2 (sex x treatment x analogy 


quotient) fixed effect analysis of variance. 


The results of Dowell's experiment for both the immediate post 


test and the retention test administered three weeks after the instruc- 


tion was given indicated: 


Ve 


There is no significant differnece between the group 
taught by the use of visual analogies, the group 

taught the same concept without the use of visual 
analogies, and the group not taught the concept. 

There is no significant difference on the achievement 
test means between those students who had high Analogy 
Quotients and those who had low Analogy Quotients. 
There is no significant difference on the achievement 
test means between males and females although the means 
for females who were taught using visual analogies 

were numerically higher than the corresponding means 
for males. 

There is no significant two-way or three-way inter- 
action effects between or among treatments, analogy 
quotient and sex. 

On the basis of his results, Dowell concluded: 

The factor of sex does not have any relation to the use 
or non-use of visual analogies in teaching a selected 


biological concept. 
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2. Students taught a biological concept by use of methods 
which stress analogical relationships in presentation 
of concept material, and which stimulate students to 
formulate their own analogical relationships do not 
comprehend the concept better nor do they retain the 
material longer than students taught the same concept 
without the use of analogies or those who were not 
taught the material at all. 
3. A student's ability to discern analogical relations 
as shown by his score on an analogies test is not 
related to his ability to learn more effectively when 
_ taught by stress on visual analogies in comparison 
with students taught by the same concept without the 
use of analogies or those not taught the concept at 
allt 
The results of Dowell's study are somewhat questionable since 
no significant difference was found between those groups which received 
eight hours of instruction on the concept and the group which did not 
receive any instruction on the concept at all. It appears that the 
subjects in the sample knew the concept before the instructional period, 
or that the comprehension test instrument did not discriminate well 
enough between those who knew the concept and those who did not, or 
the teaching was not effective in terms of the students learning the 
concept. It would seem reasonable to assume that if no significant 


differences were obtained between students who were taught the concept 
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and those who received no instruction, it would be unlikely to find any 
significant difference between those instructed using visual analogies 
and those instructed without the use of visual analogies. The results 
of Dowell's study may have been due to the small cell frequencies 
employed. Since Dowell had only sixty subjects ina 2x 3 x 2 analysis 
of variance design, he had only five subjects per cell. The power of 
such a design would be low. 

In a pilot study (Pilot Study I, see Appendix D) carried out in 
preparation for the present study, it was observed that females who 
received instruction using verbal and physical analogies in a scientific 
explanation had numerically greater means than males under the same 
instructional conditions. This result, coupled with the same trend in the 
results of Dowell's study led to the inclusion of sex as a classification 
factor in Experiment I of the present study. It is hypothesized that 
there is no significant difference in immediate comprehension between 
male and female subjects when a verbal analogy is employed ina 
scientific explanation. 

The results of Pilot Study I, which employed the classification 
of matter as the topic of the scientific explanation, indicated that 
the use of a verbal analogy in the scientific explanation 
decreased immediate comprehension over that obtained by the control 
group which read only the scientific explanation. Furthermore, there was 
no significant difference between treatment and control group when a 
physical analogy was employed in the scientific explanation. However, 

a significant difference was observed between the means of the physical 


and verbal analogy treatments, favouring physical analogies. 
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In Pilot Study II (see Appendix D) designed along similar lines 
to the present study except that a Cloze Test was used as the criterion 
measure of immediate comprehensions, it was observed that the use of a 
concrete verbal analogy in a scientific explanation resulted in a signifi- 
cant decrease in immediate comprehension for the "Pre" format with the 
Phase Change scientific explanation. Also, in Pilot Study III, 
using multiple choice items for the criterion measure, no significant 
differences in favour of the control groups were observed between the 
treatment groups which read the primary and secondary fields and the 
control groups which read only the secondary field. The results of 
both of these studies indicated that the use of a concrete verbal analogy 
in a scientific explanation did not aid immediate comprehension of the 
scientific explanation. 

Dreistadt (1969) attempted to determine the effects of analogies 
and “incubation time" (i.e. putting the problem temporarily aside) on 
creative problem solving. Eighty male and female college students 
between ages twenty and thirty-five served as subjects. Two problems 
were employed in the experiment: the farm problem and the tree planting 
problem. Forty of the subjects worked on the farm problem with the 
instructions to divide the area of the farm into four parts which have 
the same size and shape. The shape of the farm was a square from 
which a square one quarter of the area of the larger square had been 
removed from the lower right hand corner. The other forty subjects 
were presented with the tree planting problem with the instructions to 


plant ten trees in five rows with four trees in each row. 
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For each of two problems, four experimental conditions each 
employing ten subjects were used: control, pictorial analogies treatment, 
incubation treatment, and combined pictorial analogies and incubation 
treatment. The control subjects simply worked on the problems for 
twenty minutes. The pictorial analogy treatment subjects also worked 
on the problems for twenty minutes, but there were three pictorial 
analogies present in the room pertaining to each of the two problems. 
The incubation treatment subjects worked on the problems for five 
minutes and then were interrupted for eight minutes during which they 
were presented with an easy interpolated task of trying to predict 
which card of a set of playing cards would turn up next. After this 
they mere given seven more minutes to try to solve the problems. 

The combined pictorial analogies and incubation treatment subjects 
worked on the problems in exactly the same way as the incubation 
treatment subjects except that the pictorial analogies were present 
in the room for the duration of the treatment. 

On the farm problem two-way analysis of variance (Pictorial 
analogies x incubation) indicated that there was a significant inter- 
action effect of pictorial analogies and incubation when problem 
completion was the criterion. There was no significant incubation 
effect; however, the pictorial analogies effect was significant but 
difficult to interpret because of the interaction effect. 

For the tree planting problem, in a similar analysis of 


variance, a pictorial analogy main effect was noted but no incubation 
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main effect nor interaction effect was noted. The hypothesis that 
visual pictorial analogies help solve problems appears to have been 
confirmed. It should be noted that the pictures were analogies in 
that the three pictures in front of the students while they were 
working on the problem had similar structures or groupings to the 
problem and its solution while the content or subject matter of the 
pictures was different from the problem. Of the twenty-four subjects 
who solved either of the two problems and had the pictorial analogies 
in front of them, nine doubted that the pictures helped them and 
fifteen thought the pictures had helped in finding the solution to 
the problems. 

The research evidence examined concerning the use of analogies 
to match the new learning material to the existing cognitive structure 
appears equivocal. Because of the small number of subjects involved 
in some of the studies, the power of the studies is rather low. The 
one study by Dowell (1968) using visual analogies in teaching a concept 
indicates that the presence of such an analogy does not increase com- 
prehension of the concept. 

The present study is designed to evaluate whether the use of 
a verbal or a physical analogy in a scientific explanation increases 
comprehension of the exaplantion over that obtained when no analogy 
is used. Furthermore, in the present study care has been taken to insure 
that cell frequencies are great enough to find a difference in compre- 
hension due to the presence of an analogy if a difference does 


exist. 
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ANALOGY AND CONCEPT FORMATION 


As outlined in Chapter I cognitive growth implies change in the 
cognitive structure so that a match can be made between the cognitive 
structure and the new learning material through the processes of 
assimilation and accommodation. As a result of these processes, new 
concepts may be formed and old ones modified to achieve the match. 

If the use of analogy is to facilitate the learning of 
concepts, it must help meet the conditions which enhance concept for- 
mation. A review of some of the factors which enhance concept formation 
and the role analogy is reported to play in meeting these factors 
follows. 

Heidbreder (1947) hypothesized that abstract concepts are 
more difficult to learn than concrete concepts. Ina study using 
thirty-six university students, she presented the subjects with a 
series of pictures each of which was named by a nonsense syllable. The 
same nonsense syllable was associated with all the drawings which repre- 
sented a certain concept. For example, "relk" was always associated with 
some type of human face. The three classes of concepts involved were 
classes of concrete objects (Thing class), nonsense figures (Form class) 
and numerical relations based on the presence of three, four or six 
designs (Number class). The concept was said to have been attained 


when the subject could associate the correct nonsense syllable with 
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the correct concept on three successive occasions. There were nine 
different concepts to be learned, through sixteen presentations of 

nine cards per presentation. The criterion was defined as the presen- 
tation number in which the concept was attained. Heidbreder found 
that concepts involving physical objects (e.g. human faces) were 

easier to learn than concepts involving forms (e.g. circle drawings) 
which were, in turn, easier to learn than concepts involving numbers. 
The order was the order she had hypothesized on a concrete to abstract 
continuum. It appears that the more a concept is embedded in concrete 
reality, the easier it is to learn. 

Ennis (1965) studied the natural development of three hundred 
seventy-five grades eight to twelve children to deal with deductive 
logical forms. He found that children scored significantly higher 
when concrete familiar terms are employed in problems of class logic 
than when abstract symbols such as letters are used in the construction 
of test items. 

It would appear on the basis of the research by Heidbreder and 
Ennis that concrete concepts are more readily manipulated in the 
cognitive structure than abstract concepts. When an analogy is pre- 
sented in which concrete objects replace the abstract elements of the 
new learning material, it is thought that learning is facilitated. 
Bilsky (1963:73) notes in reference to analogies "When you compare 
an abstract idea with something that is concrete and familiar to your 
reader, you enable him to see more clearly what you are talking about, 


Since you present him with a picture." If analogies can perform the 
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function of rendering abstract material more concrete then they may 
aid in the comprehension of abstract material Physical models are 
sometimes used in science explanations to aid in the conceptualization 
of abstract concepts. Using one hundred and two students ina 
freshman level general chemistry course designed for science majors, 
Talley (1973) was able to show that the class of students which 
manipulated molecular models scored significantly higher on a content 
test for each of seven instructional units than students who were 
taught using a didactic teaching method. The seven content tests 
corresponding to the seven units each consisted of fifty items: 
fifteen analogy items, ten each at Bloom's knowledge and comprehension 
levels and five each at the application, analysis and evaluation levels. 
On the application, analysis and evaluation levels means favoured the 
experimental group for all units except the first one at the application 
level. After the third unit of instruction, the F ratios were much 
larger for each of these cognitive levels. At the knowledge level, 
the experimental group achieved significantly better on the first 
two units; however, after the third unit the control group scored 
significantly better than the experimental group. 

At the comprehension level, a significant difference in favour 
of the experimental group was noted on the eighth unit only. Pre- 
and post-tests on visualization ability indicated a significant 
increase for the experimental group but no change for the didactic 


group. 
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Talley's study indicates that the utilization of molecular 
models as an instrument to aid in visualization of chemical concepts 
may enhance achievement in freshman level college chemistry. Further- 
more, it indicates that students with greater experience in visualization 
score significantly better at the higher cognitive levels of application, 
analysis and evaluation than students who are taught didactically. 

On the other hand the students not experienced in visualization tend 

to perform at essentially the lower levels of knowledge and comprehension 
and this inexperience seems to retard achievement at higher cognitive 
levels. 

It should be noted that some of the subtests in Talley's study 
consist of as few as five items. The reliability of these subtests 
was not reported but may be very low. 

To determine whether the use of concrete analogates increase 
comprehension more than conceptual analogates when employed in a verbal 
analogy in a scientific explanation, both kinds of analogates are 
employed in Experiment I. The postulates of the Kinetic Molecular 
Theory contain conceptual analogates, whereas, the other primary fields 
contain concrete analogates. It is hypothesized that when concrete 
verbal analogies are used in a scientific explanation, they will 
result in a higher level of comprehension of the scientific explanation 
than when conceptual verbal analogies are employed. In Experiment I 
of the present study, these two types of analogy were employed in the 
"advance" format so the results could be compared. To further explore 


the use of concrete analogates, in Experiment II, concrete physical objects 
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are employed with two of the scientific explanations from Experiment I 
to determine whether the use of physical objects which can be seen 

are more beneficial than verbally presented concrete objects in increas- 
ing comprehension of a scientific explanation. It is hypothesized that 
the use of concrete physical analogies in a scientific explanation 

will result in a greater increase in immediate comprehension than 

when a concrete verbal analogy is employed, which, in turn, will result 
in a greater increase in immediate comprehension than when a conceptual 
verbal analogy is employed. 

Hovland and Weiss (1953) in a study of concept formation using 
ninety-five college students found that for conjunctive concepts 
positive examplars increase the rate of learning more than do negative 
exemplars. A combination of positive and negative exemplars had the 
greatest effect on increasing the rate of learning. In explaining 
relations which exist between two situations or objects using an 
analogy, the primary field of the analogy supplies a positive exemplar 
of the relationship. Furthermore, when verbal or physical analogies 
are used, points of disanalogy may become evident. The points of 
disanalogy specify the scope of the analogy and hence may increase 
precision of understanding of the field to be conceptualized through 
limiting the boundaries of the concept and by supplying negative 
exemplars. 

It has been shown that increasing the amount of relevant 
information increases the difficulty of concept aquisition as does 


increasing the amount of irrelevant information (Haygood and 
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Stevenson, 1967; Walker and Bourne, 1961). Because analogy tends to 
focus on one relationship at a time, the use of analogy should enhance 
concept formation in terms of limiting both relevant and irrelevant 
information. 

The more salient a concept is, the more readily it is abstracted. 
Saliency can be effected by varying the background (Turnure and 
Wallach, 1965). Dreistadt (1969) argues, in Gestalt terms, that in 
dealing with an analogy the structure emerges as the figure and the 
Subject matter becomes the ground. Thereby the structure becomes 
salient for purposes of abstraction. In other words, analogy may 
increase saliency of concepts. 

It has been known for some time (Reed , 1946) that instructing 
the subject to look for common features facilitates concept learning 
better than merely instructing the subject to learn correct responses. 
Frase (1970) has classified such cueing strategies under the 
generic term of "orienting direction." An orienting direction is a 
verbal stimulus which disposes the learner to respond to certain 
aspects of new learning material. General instructions to learn 
(Rothkopf, 1965) and “advance organizers" (Ausubel, 1963) are classes 
of orienting directions. Dreistadt (1968:114) says that the use of 
an analogy tells the learner how to think about a problem. According 
to Schon (1963:62) when a familiar set of relations is transposed to 
a new situation through the use of analogy, the familiar set of 


relations becomes a projective model through which the relations of 
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the new situation are understood. In other words, it appears that 

Dreistadt and Schon feel that the primary field of an analogy acts 

as an orienting direction which disposes the learner to focus on the 
relations of the elements of the new learning material. 

Rothkopf (1966) found that when test-like questions were placed 
in different positions with respect to the material in a written text 
there was a differential effect on the amount of learning which 
occurred. If the primary field of an analogy acts as an orienting 
direction in the same way as test-like questions, it may be that 
placing the primary field of an analogy in different positions with 
respect to the new learning material may result in different amounts 
of learning as well. Rothkopf (1966) found that when two questions 
were placed after each one thousand words of a reading passage, general 
comprehension of the passage was significantly greater than that of the 
control group which read the passage without the test-like questions. 
However, if the test-like questions were placed before each one thousand 
word section,general comprehension of the reading passage was not 
increased. Frase(1968a) found that in some cases the placement of 
questions before a passage depressed incidental learning well 
below control group scores. Evidently pre-questions may limit the 
range fh stimuli to which effective learning responses are made. 
Frase(1968b) also investigated the effect of contiguity of questions 
to their relevant content. The same questions in groups of 1, 2, 4 


and 5 were placed before and after every 10, 20, 40 or 50 sentences, 
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respectively. When questions occurred before every ten sentences reten- 
tion of incidental learning decreased substantially. On the other hand, 
the post question group showed a forty percent increase over the 
corresponding pre-question group in incidental learning with questions 
every ten sentences. There was no difference in retention between 
pre and post-question groups when the questions occurred every fifty 
sentences. 

In order to determine whether or not the primary field of a 
concrete verbal analogy acts as an orienting direction in the same 
way as test-like questions, the primary field was placed before, 
within and after the scientific explanation. Furthermore, to enable 
the student to read the primary and secondary field in the order of 
his choice, the primary field was placed beside the secondary field 
on a divided page. If the primary field acts as an orienting 
direction in the same way as test-like questions, the mean for the 
treatment group which reads the primary field after the scientific ex- 
planation should be greater than the mean for the treatment group 
which reads the primary field before the scientific explanation. On 
the basis of Frase's(1968b)study on contiguity of test questions, 
the placement of the primary field within the scientific explanation 
should result in greater comprehension than the "after" treatment. 
However, since the scientific explanations in the present study were 
much shorter than the passages used by Frase, it may be that there 


will be no significant differences between the means of the "within" 
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and "after" groups. Since in the "beside" treatment the primary field 
could be read in whatever order the subjects chose, the mean for this 
group should be greater than or equal to the "after" and "within" 
groups. Hence the order of the means for these four treatment groups 
should be before < After < Within < Beside. In the designations 
assigned to these formats in Experiment I this order would read Pre < 
Post < Within < Beside. 

A fifth format used in Experiment I of the present study derives 
from that suggested by Ausubel (1963). He suggested that an orienting 
direction in the form of an advance organizer should be presented to 
the learner several days before the new learning material. Hence 
the primary field of a verbal analogy was presented to subjects two days 
before the presentation of the secondary field. Two different kinds 
of analogy were presented in this "advance" format. One consisted 
of the primary field of the concrete verbal analogy used in the other 
four formats. The second consisted of the primary field of a 
conceptual verbal analogy which was composed of the postulates of the 
Kinetic Molecular Theory. The first of these two treatment groups 
is referred to as the Advance Analogy treatment and the second as 
the Advance KMT treatment. Since the primary field of the Advance 
Analogy treatment contains concrete analogates whereas the primary 
field of the advance KMT treatment contains conceptual analogates, it 
was earlier hypothesized that the Advance Analogy treatment would 


result in a greater comprehension than the advance KMT treatment. 
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Pilot Study IV (see Appendix D) indicated that the Advance Analogy 
treatment significantly increased immediate comprehension over that of 
the corresponding control group in the case of the Phase Change and 
Diffusion explanations. On the other hand, the "Post" treatment in 
Pilot Study III did not result in any such significant difference. 
Therefore, it is hypothesized that the mean for the advance analogy 
treatment will be greater than for the "Post" treatment. Hence, 

the overall order of means for concrete verbal analogies is hypothesized 
to be Pre < Post < Within < Beside < Advance Analogy. The relative 
position of the Advance KMI treatment group mean must be determined by 
the empirical results of Experiment I. 

- Theoretical considerations discussed later in this chapter 
indicate that all concrete verbal analogy treatment group means should 
result in immediate comprehension greater than the corresponding 
control group means. However, if the "Pre" treatment results ina 
focus on specific learning rather than general comprehension as Rothkopf 
and Frase found with pre-questions, it may be that the "Pre" treatment 
in Experiment I may result in no significant increase in immediate 
comprehension over that obtained by the corresponding control group. 

Carroll (1964:190) in summarizing what is known about concept 
learning notes that the lesser the information load the subject must 


carry, the easier is concept formation. The function of an analogy 
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is to enable the learner to think of some facets of the new learning 
material in terms of information already possessed. Hence the amount 
of information needed to process the new learning material is reduced. 
Perhaps the analogy can function to facilitate concept formation by 
reducing the information load. As Schon (1963:60) says, "Metaphors 
are easily carried and can be made to generate indefinite series of 
expectations which need not be remembered since they can be generated 
again. They have the condensation essential to instruments of 
thought." 

In summary, the use of analogies in explanation may facilitate 


concept formation insofar as they can be used to: 


1. concretize the concept to be learned by replacing abstract 
elements with concrete elements, 

2. supply positive and negative exemplars, 

3. limit the amount of relevant and irrelevant information to 
be considered at any given time, 

4. increase the salience of the concept, 

5. instruct the subject to look for the commonality, and 


6. reduce the information load. 


Since it is thought that the use of an analogy in explanations 
functions to concretize the concept to be learned, supply positive and 
negative exemplars, limit the amount of relevant and irrelevant 


information to be considered, increase the saliency of the concept, 
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instruct the subject to look for the commonality and reduce the 
information load, it is hypothesized that the use of analogy ina 
relatively complex scientific explanation will increase comprehension 
of the scientific explanation over that obtained when only the 
scientific explanation is presented to the learner. It would seem 
plausible that if there is relatively little information in the new 
learning material the analogy will have little opportunity to perform 
these functions. However, if the new learning material is more 
complex, an analogy will have greater opportunity to perform the above 
functions. It is therefore hypothesized that if an analogy is 
employed in a relatively short scientific explanation, it will have 
little or no effect on increasing the comprehension of the scientific 
explanation; whereas, if an analogy is employed in a longer, more 
complex scientific explanation, an increase in comprehension of the 
scientific explanation over that obtained when only the scientific 
explanation is presented to the learner should be observed. To test 
this hypothesis in the present study three short scientific explana- 
tions were written and three longer scientific explanations were 


written for Experiment I. 


THE DEVELOPMENT OF ANALOGICAL REASONING ABILITY 


Lunzer (1970) studied the development of analogical reasoning 


using one hundred fifty-three boys from age nine to age seventeen. He 
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hypothesized that children in Piaget's concrete operations level of 
cognitive development could solve simple analogy problems which 

required only first-order operations. He assumed that simple analogies 
of the form Leather:Shoe:Wool: --require no more than concrete reason- 
ing since the child simply "reads off" the relation the first two 

items and applies it to the third to arrive at the fourth term: 
"sweater." He then reasoned that such an item could be made more 
complex by either increasing the degree of abstraction of the analogates 
or by increasing the complexity of the form of the analogy items.These more 
complex analogies,Lunzer (1970) hypothesized, would require second order 
operations and, therefore, would require cognitive operations at the 
formal operations level. He also wanted to investigate the problem 

of mathematical proportionality which he felt was related to Piaget's 
proportionality schema. For these two purposes he constructed a test 
consisting of two parts. The first part consisted of verbal analogies 
and the second part consisted of numerical analogies and series 
completion items. 

The section of the test which contained verbal analogy items 
consisted of four subtests of eight items each. The four subtests 
differed on the basis of complexity of format. Group A items were 
simple verbal analogies as in the example above. Lunzer anticipated 
that these items would be solvable by children in the concrete 
operational stage. Group B items were the same as Group A items 
except the analogates were more abstract than in Group A items. Group 


C items were designed to involve some formal qualities of combinational 
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reasoning in their solution but the level of abstraction of the analo- 
gates was similar to Group A items. Hence these items were considered 
to be only slightly greater in difficulty than group A items. Group D 
items were designed at the highest level of complexity so that a second 
order "monitoring" process was required for their correct solution. 
This separate process was envisaged as an essential element in formal 
reasoning. It was, therefore, anticipated that even at the age of 
eleven few children would be able to solve such items but would begin 
to discriminate at about the age of twelve or thirteen years. 

The results of the study indicated that, across all ages, the 
sub-tests in order of increasing difficulty were: A, C, B and D as 
predicted. However, the abstract analogies in Group B with simple 
format were not significantly different in difficulty from the items 
of Group D, which had a complex format. Hence, Lunzer concluded that 
complexity of format was not a factor in determining the difficulty 
of analogy items. When the results for nine and ten year old subjects 
were compared on items requiring only concrete operations (Group A) 
and those requiring formal operations (Group D), it was found that 
neither type of item could be solved at these age levels. How- 
ever, at age eleven there was a much greater ability to solve both 
types of items. Lunzer concluded that neither type of item could be 
solved at the level of concrete operations and that the simple 
analogies of Group A also require formal reasoning. This conclusion 
is pursued further in a study by Orlando (1971) which is reviewed at 


the end of this review of Lunzer's study. 
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While the greatest increase in ability to solve analogies of 
all types occurred between ages ten and eleven, there was a gradual 
increase in ability thereafter up to age seventeen. It would appear 
that the ability to understand verbal analogies is associated with the 
onset of formal operations. However, this ability increases with 
age until at least the age of seventeen years. 

The results of the numerical analogy and series completion type 
of items indicated a general tendency of the average percentage scores 
to increase with age with the sharpest rise occurring between nine 
and eleven years of age. Numerical analogies were found to be more 
difficult for subjects below eleven years of age than the series 
completion items. However, while the leve! of success for numerical 
analogies was lower at ages nine and ten, thereafter the level of 
success was consistently higher than it was for series completion. 
This finding reinforces the conclusions reached with verbal analogies. 
Lunzer concluded that analogies, whether verbal or numerical, demand — 
a more complex process of reasoning than is available at the concrete 
Operations level. Furthermore, Lunzer found that those items which 
involved an explicit recognition of proportionality were very difficult 
for subjects at all age levels and noted the greatest increase in the 
ability to solve these items between ages nine and eleven. Lunzer 
concluded that these findings substantiated his hypothesis that 
mathematical proportionality is based on the proportionality schema 
which appears in the formal operations stage and is not equilibrated 


until well into the teenage level. 
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It should be pointed out that in drawing conclusions about 
whether or not analogy is related to the stage of formal operations 
Lunzer assumes his hypothesis. He should have used some of the Piagetian 
tasks to determine the stage of development of each individual and then 
administered his test to determine if there is any relationship between 
the ability to solve the different types of analogy items and the level 
of cognitive development. Since the stages of cognitive development 
are not age specific but merely occur in a definite sequence, Lunzer's 
focus on the age eleven is not justified. This is particularly a concern 
in Lunzer's study when one considers that there were only six subjects 
in his age ten group and in only three age groups were there twenty 
Or more subjects. Differences between age groups reported by Lunzer 
may not be meaningful since only averages are reported and are not 
subjected to statistical analysis to determine whether the differences 
in means are significant. Furthermore, while Lunzer compares the 
results of his sub-tests he does not report reliabilities for them. 

In view of the fact that the sub-tests consist of eight items, reliabil- 
ity should be a foremost consideration since reliability of tests with 
few items tends to be low. 

With these reservations in mind, the trends in Lunzer's data 
do indicate that the ability to understand some types of analogy items 


is related to the child's level of cognitive development. 


Oriando (1971) in designing a second study on the development 


of analogical reasoning, claimed that the simple verbal analogy group 
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used by Lunzer included items which should have been placed in the 
category of items requiring formal operations. 

Orlando claims that analogy items which can be solved at the level 
of concrete operations are items in which there is no proportionality 
between the concepts extracted from the two fields of the analogy. That 
is, the relationship abstracted from the analogates of the primary field 
can be transferred directly to the secondary field without any pro- 
portional adjustment of the relationship. He calls this type of item 
concrete verbal analogies. He claims that this type of item is really 
an example of classification rather than "true" analogy. He defines 
"true" analogy as an analogy in which there is a proportionate relation- 
ship between the two fields of the analogy. This type of analogy he 
referred to as abstract verbal analogy. He hypothesized that since 
abstract verbal analogies require a proportionate adjustment in the 
relationship, the proportionality schema was involved in their correct 
solution. Since this schema is not available to the child until the 
stage of formal operations, only children at the formal operations 
level would be able to solve these items. 

Orlando then constructed a test containing twenty items of 
each type of analogy and administered it to twenty boys at each of the 
eight age levels from nine to sixteen years. 

The results of the study indicated that mean scores on concrete 
verbal analogies were greater at all ages than for abstract verbal 


analogies. He concluded that this indicated that there are different 
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cognitive processes which underlay the two types of analogy items. Nine 
to ten year old subjects could solve only twenty-two percent of the 
abstract verbal analogy items while they could solve seventy-six 

percent of the concrete verbal analogy items. This indicated that at 
these ages subjects possessed the processes to solve concrete verbal 
analogy items but were very close to the chance level for abstract 
verbal analogy items. The first significant difference from the chance 
level of score on abstract verbal analogy items was observed with the 
thirteen to fourteen age group. He concluded that this may indicate 
that formal operations begins at around this age. This was somewhat 
confirmed by the finding that there was a significant difference 

between age group eleven to twelve and thirteen to fourteen but no 
Significant difference was noted between any other age groups. 

Orlando concluded that the solution of concrete verbal analogies 
requires only the classification schema evident at the level of concrete 
Operations whereas abstract verbal analogies require the schemas 
available to the child only at the formal operations stage. 

It is interesting to note that even at the ages of thirteen 
to fourteen the mean score on abstract verbal analogies just reached 
fifty percent and the fifteen to sixteen age group reached only about 
sixty-two percent correct. Orlando reports that in another study 
using college students as subjects with a mean chronological age of 
twenty years, the mean score for abstract verbal analogy items reached 


eighty-five percent. The finding that the ability to understand 
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abstract verbal analogy items continued through the teenage level con- 
firms a similar finding by Lunzer. 

In summarizing the work of Lunzer (1970) and Orlando (1971), 
it appears that the ability to understand abstract verbal analogies 
problems may be dependent on whether or not the child has achieved the 
proportionality schema. This is not thought to occur before the onset. 
of formal operations which is not equilibrated until the late teenage 
years. 

The work of Lunzer and Orlando is relevant to the present study 
insofar as there is an indication that the use of abstract analogies 
in explanations with students who have not reached the stage of formal 
operations is not advised since students below the formal operations 
stage do not have the necessary schema to understand abstract analogies. 

In the present study subjects were originally chosen for 
Experiment I from the tenth grade level (ages: 15-16 years) to insure 
that the probability was great that subjects had reached the stage of 
formal operations. Later eighth grade students were chosen to 
determine whether a different result would be obtained if subjects 
closer to the onset of formal operations were used. Since the eighth 
grade child (age approximately 13 years) would not yet have equili- 
brated the stage of formal operations, it is hypothesized that the 
presence of an analogy in a scientific explanation would not aid the 
eighth grade child in comprehension of the scientific explanation as 


much as it would aid the tenth grade child. 
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THE USE OF ANALOGY AND THE STAGES OF HUMAN LEARNING 


Bruner (1966) demonstrated that human learning appears to progress 


through three stages: enactive, ikonic and symbolic. First, in the 


enactive stage man manipulates his environment. Next, in the ikonic 
stage, he forms images of his manipulations. Then he shorthands the 
images by representing them with symbols. Templeton (1973) found 
that the reliance of thinking upon analogy was closely related to the 
ikonic stage of development. He administered the Photo Analogies 
Test to one hundred and ten sixth grade students of average intelligence 
(mean I1.Q. - 114) and to forty-nine sixth grade students of high 
intelligence (mean I.Q. - 143). He labelled the two groups "regulars" 
and "high achievers," respectively. The subjects were shown each of 
the ten black and white photographs and were asked to write descrip- 
tions of the photographs for people who could not see them. For each 
figure of speech (analogy, metaphor, simile) used in his description 

a youngster received one point. The youngsters' Photo Analogies Test 
scores were then correlated with intelligence, achievement and 
creative thinking scores. Templeton found that while the high 
achievers used more figures of speech, the Photo Analogies Test scores 
for "regular" students correlated positively with measures cf intelli- 
gence, achievement, and creative thinking. On the other hand “high 
achievers" Photo Analogies Test scores most often showed either no 
relationship or, in a number of instances significant negative 


correlations with measures of intelligence, achievement and creative 
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thinking. Templeton explained the correlation results on the basis 
that the high achievers (mean M.A. - 15.5) had mastered the symbolic 
stage to the extent they were not employing nioment-to-moment images. On 
the other hand, the regular students operating at a mental age of about 
twelve years had mastered less language and were still using a con- 
Siderable amount of imagery (i.e. they were still in the ikonic stage). 
He concluded that students in the ikonic stage relied more heavily 

upon imagery in their thinking processes than students in the symbolic 
stage. Templeton (1973:29) contends that when the learner manipulates 
images in terms of bringing together disparate objects, people, and 
events he is engaging in a special kind of ikonic thinking: analogizing. 
In other words, Templeton sees analogizing as the process whereby 
images are manipulated and transformed. Ausubel (1963) claims that 
first order concepts are stored in the form of relatively concrete 
images. He claims that the combination and transformation of these 
images result in more abstract second-order concepts. If Templeton's 
interpretation is correct, the combination and transformation of these 
images is carried out by the process of analogizing. 

It appears that the scientist in his development of new 
scientific explanations may go through the enactive, ikonic, and 
symbolic stages. In the enactive stage, he gains concrete experiences 
in the laboratory. In the ikonic stage, he sets up models or analogies 
to explain his observations. Lee (1969:115) in speaking of the 
development of scientific theories says, ". . . I will go so far as 


to say that the abstraction of a general structure follows and is 
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built upon concrete analogy-making." In summarizing the use of analogies 
in scientific thinking, Scott (1964:29) says that the scientist has 

always found it convenient to make use of analogies in his concept 
formation. Hence, it would appear that analogy operates to abstract 
concepts from concrete experiences. Finally, in the symbolic stage, 

the scientist translates his thoughts into a set of verbal or mathematical 
symbols and uses these in his thinking processes. 

It may be the science student on first being confronted with a 
new scientific explanation, may follow the same sequence of steps in 
his attempts to conceptualize the new learning material. Pe tiiseas 
correct, the student will need an analogy to operate on during the 
ikonic stage of his thinking process to understand the new concept. 

The analogy may be supplied by the teacher or text book through the use 
of an analogy in an explanation. 

Moses' (1973) view of the way analogy works in the learning of 
concepts appears to support the view that the student uses analogy to 
develop concepts from concrete experiences gained in the enactive stage. 
He claims that analogizing is the mechanism whereby all first and 
second order concepts are produced. Moses claims that a child builds 
up his frame of reference with concrete experiences. These concrete 
experiences become, through analogy, more abstract first-order concepts. 
These first order concepts, in turn, become the analogy for the 
generation of second order concepts. Lee (1969) affirms Moses' position 
in saying that the human mind is constantly operating with incipient 


analogies in an attempt to understand its experiences. 
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It would appear that analogy is used in the thinking process, 
particularly in the ikonic stage of the development of concepts. If 
the student is supplied with a concrete model which can be visualized 
by the student, then the manipulation of this image in relation to the 
new learning material through the process of analogizing may lead to 
understanding. 

The use of imagery discussed above has implications for the use 
of analogy with science students. The physiological correlates of 
visual imagery and alpha brain waves have been studied by Walter (1953). 
When electroencephalograph recordings are taken over the visual area 
with the eyes closed and the mind at rest, most people show an alpha 
rhythm. However, Walter found some people who have no significant 
alpha rhythms whether or not their eyes are open and their minds at 
rest. They are people whose thinking processes are conducted almost 
entirely in terms of visual imagery. The proportion of these "imagery 
thinking" students is usually higher among science students than among 
arts students. Since science students (and scientists) are predomin- 
antly "imagery thinking" students they would tend to use analogizing 
(as Templeton defines it) in their thought processes. It may be that 
if science students think using imagery and analogizing, the use of 
analogy in explanation may be particularly beneficial to them in 


understanding new jearning material. 
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THE ANALOGICAL PROCESS AS A MECHANISM IN CONCEPT LEARNING 


In Chapter I, it was argued that analogy appears to aid under- 
standing by facilitating the assimilation, accommodation and abstraction 
processes of cognitive growth. In the present section Schon's model 
of concept development is presented and the stages involved in Schon's 
model are equated with the assimilation, accommodation and abstraction 
processes. Since the stages of Schon's model are equated with these pro- 
cesses and the use of analogy in explanation was seen to facilitate 
these processes, the use of analogy in explanation is seen to 
facilitate the stages of Schon's model. Since the outcome of the 
stages of Schon's model is the formation of a new concept, it follows 
that the use of an analogy in an explanation facilitates concept 
formation. These newly formed concepts can, in turn, be applied to 
the new learning material to obtain a match between the newly formed 
concepts and the new learning material which results in understanding 
of the new learning material. Hence, the use of an analogy in 
an explanation facilitates understanding. 

It will be recalled that a concept can be considered to be 
an inter-related set of rules and the learning of new concepts 
involves the structuring of a new set of rules through transferring 
rules from an existing concept and structuring new rules which are, 
in turn, transferred to the new concept. Since Schon claims his 
model results in the formation of new concepts, the stages in his 


model must reflect the stages in the development of a new set of 
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rules. An analysis of Schon's model indicates that by equating the 
stages of Schon's model with the stages in the development of a new 
set of rules, Schon's model does reflect the development of a new 
concept. Furthermore, it is seen that the stages in Schon's model 
reflect the stages isolated by Vygotsky (1962) in the development of 
a new concept. 

In the following paragraphs Schon's model of concept development is 
outlined and the stages are equated to the processes of assimilation, 
accommodation and abstraction and to the stages of the development of a 
concept as a set of rules. Then to verify that Schon's model reflects 
the experimental findings concerning the stages of concept development, 
the gtanes of Schon's model are equated with the stages Vygotsky (1962) 
isolated in the learning of concepts. 

Schon (1963) has outlined a process he calls the displacement 
of concepts which he claims is involved in the evolution of new concepts. 
Displacement is a process of carrying over an old concept to a new 
Situation. The displacement of concepts is simply another expression 
for the process of metaphor. Basically, the process involves 
incorporating within a concept new instances which share to some 
degree the essence of the concept but are removed from what would 
ordinarily be called an instance of the concept. In other words, 
displacement is the extension of a concept to a new kind of instance. 
However, in the process of so doing, the concept itself may be changed 
or expanded. In Chapter I this process was analyzed from the point 
of view of a concept as a set of rules which becomes modified, as 


required, to encompass a new concept. 
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The mechanism of Schon's process of metaphor involves five 
stages: intimation, transposition, interpretation, correction, and 
spelling out. 

Intimation is the stage in which there is a realization that a 
similarity exists between the existing concept and the new type of 
instance. This stage is the initiation of the assimilation process 
and appears similar to the stage James pointed out as gathering together 
a number of similar cases which appear to have certain commonalities. 
The cases may be similar in that they have one or more rules in common. 

The second stage, transposition, is the making of the metaphor. 
It is the first shift of the existing concept to the new situation, 
the first establishment of a symbolic relation between old and new. 
Since most concepts are complex clusters of sub-concepts, transposition 
occurs over a period of time as more sub-concepts are shifted to the 
new Situation. In this stage the assimilation process is complete 
between the commonalities which exist between the two situations. It 
appears that what Schon refers to as a sub-concept is tantamount to 
one of the rules of the familiar concept. Hence in this stage one 
or more of the rules are shifted from the familiar to the unfamiliar 
concept. 

The third stage Schon calls interpretation. This step involves 
the assignment of a sub-concept to a specific aspect of the new 
Situation. In the interpretation stage the shifted rule becomes 
consciously assigned to certain elements of the new concept. Spearman's 


eduction of relations and eduction of correlates operate at this point 
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to determine the elements of the new concept to which the rule is 
applicable. 

Schon views transposition and interpretation as ordinarily 
occurring in a single step. An old sub-concept is not transposed to a 
new situation without transposing it to some specific aspect of the 
new situation. The two phases are distinguishable as is evidenced by 
the fact that one is sometimes aware of wondering as to which aspect of 
the new situation an old sub-concept can be assigned. From a cognitive 
point of view, the transposition and interpretation stages appear to 
complete the initial assimilation process. 

The fourth stage,correction, refers to the resistance of the 
already pre-existing structure of the new situation to transposition 
and interpretation. The old concept cluster and the new concept- 
structured situation are modified in various ways to match one another 
so that understanding of the new concept may result. This mutual 
adaptation may take a variety of forms. For example, aspects of the 
old concept cluster may be rejected for transposition to the new 
situation or we may limit the areas of the new situation to which the 
Old theory may be transposed. This process of correction may be a 
conises Ouse lina Cre or it may be a series of implicit adjustments. 
From the viewpoint of the adaptation process, the correction stage 
is the accommodation of the cognitive structure to the new learning 
material. This stage appears equivalent to the problem of dealing 
with the points of disanalogy between the two rule sets. That is, 


when the two rule systems are not isomorphic, new rules must be 
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generated and old ones must be modified or deleted. The mechanism 
whereby this might be accomplished is suggested by Laszlo (1972) in his 
information-flow model in which he suggested a trial and error matching 
process using rules from other concepts. As discussed in Chapter I 
understanding results when a match between an existing concept and a 
new concept is obtained. It appears that the correction stage results 
in such a match. 

When an attempt is made to explicate the relations between 
the old concept cluster and the new situation, the metaphor is being 
spelled out. This stage requires a more explicit attempt at formal 
theorizing than is common in ordinary practical inquiry. Since trans- 
ponition is never totally complete, spelling out will remain incomplete. 
This stage appears to be equivalent to the abstraction stage of cognitive 
growth since in this stage the form is seen independent of the content. 
This stage is frequently manifested in the form of a physical, verbal 
or mathematical model wherein the rules are applied to the elements 
of a system to verify their goodness-of-fit to the new system. In this 
stage the form of the new concept is extracted and becomes available 
for understanding further new learning material. 

Schon's theory is that new concepts are formed from elabora- 
tion and correction of complex concepts which are displaced from old 
Situations to new ones through the process of metaphor. The old 
Situation becomes symbolic of the new situation. This symbolic 
relation requires intimation that the new situation has aspects 


related in the manner of the old. Then the old cluster of concepts 
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becomes a program for exploration of the new. In this function, the 
old sets up a set of condensed expectations, a way of naming and 
fixing the new, a proto-concept, a basis for change (Schon, 1963:61). 
This explanation of the new in terms of concepts which already exist 
in the cognitive structure is what Belth (1975) says is thinking. 
Since it functions through the process of analogizing,he says, 
mirtnkings 1S analogizing.s . . (Belth, 1975:5) 

In summary, the metaphorical process is a means whereby new 
concepts may be formed by using old concepts as projective models for 
new situations. The mechanism of this process involves five steps: 
‘intimation, transposition, interpretation, correction, and spelling 
Grit These steps were seen as encompassing those processes operating 
in the cognitive psychologists model of cognitive growth. 

In the case of an analogy (as opposed to a metaphor) in which 
the secondary field is unfamiliar and the primary field is familiar, 
there is evidence that the analogy may become transformed into a 
metaphor. Lemon's (1938) study in which she presented subjects with 
unfamiliar proverbs and familiar instances of the proverbs tends to 
Support this view. For example, when subjects were asked the nature 
of the relation between the primary and secondary fields, some of 
the subjects replied that one is the other (Lemon, 1938:35). In other 
words, when analogies containing unfamiliar and familiar fields were 
presented, the relation between the primary field and the secondary 
field was clearly that of a metaphor. That is, the analogy was 


transformed into a metaphor. 
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The mechanism of explanation using analogy may be summarized 
as follows. The analogy containing an unfamiliar secondary field 
is presented to the learner. The stated relations act to initiate 
the first stage of the metaphorical process; namely, intimation. 

Then the analogy is transformed into a metaphor and the steps 

of interpretation, correction and spelling-out then follow 
resulting in the formation of a new concept. This new concept 
may, in turn, be applied to effect understanding of the new learning 
material since it enables a match to be established through applying 
the new concept to the new learning material. 

Since it appears that the stages in Schon's model are equiv- 
Bente tO the processes of assimilation, accommodation, and abstraction 
which are facilitated by the use of an analogy in an explanation 
and since this use of an analogy initiates the analogical process, 
it appears that the use of an analogy in explanation facilitates 
understanding of new learning material. Furthermore, Schon's model 
also appears to reflect the stages involved in the learning of the 
set of rules which defines a concept. 

Gendlin (1962) has outlined a theory in which metaphor oper- 
ates in much the same way as in Schon's theory except rather than lead- 
ing to concept formation his process leads to meaning. According to 
Gendlin, (1962:6) meaning results when "felt meaning--that prelogical, 
preconceptual informed stream of feeling that we have every moment-- 
becomes attached to a symbol." (Gendlin, 1962:6). (Gendlin's "felt 


meaning" seems to have an analogous meaning to Polanyi's (1962) personal 
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meaning). This coupling of "felt meaning" to symbol is accomplished 
through the process of metaphor in the following way. Ina metaphor a 
relationship is built between a partly unsymbolized felt meaning and 
symbols which are the signs of concepts usually meaning something else 
In other words, a new meaning is created by applying old symbols and 
their meaning to a new area of experience. The new meaning may have 
for its symbol the metaphor itself or the metaphor may become 
interpreted and a new symbol is attached to the felt meaning. For 
example, a sailor of the sea is known as an argonaut; a sailor of space 
has become known as an astronaut. 

Gendlin's theory indicates that the analogical process not 
only results in the formation of concepts, it also results in the 
formation of meaning. This result will be seen to be important in an 
integration of the analogical process with Ausubel's Theory of mean- 
ingful Verbal Learning. 

Vygotsky (1962) has isolated a number of stages in the develop- 
ment of new concepts. If Schon's model results in concept formation 
it should reflect these stages. 

Vygotsky traces the development of concepts from "heaps" to 
"complexes" to "true concepts" through the same syntactical stages 
as found by Olver and Hornsby (1966). Initially, "word meanings denote 
nothing more to the child than a vague syncretic conglomeration of 
individual objects that have somehow or other coalesced into an 
image in his mind." (Vygotsky, 1962:59-60). This seems to correspond 


to the intimation stage of the metaphorical process where a number of 
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instances have been gathered through some similarity but the relation- 
ship among them is not clearly defined. The second major step toward 
"true" concept formation is "thinking in complexes." Here the child 
groups diverse elements into a complex on the basis of perceptually 
concrete and factual relationships. Complexes are thus distinguished 
from "heaps" in that the objects included are united not only by 
subjective impressions (intimations) but also by "bonds actually exist- 
ing between these objects" (Vygotsky, 1962:61). They are distinguished 
from "true concepts" in that an object is included because one of 

its attributes enters the complex not just as the carrier of that one 
trait but as an individual, with all its attributes. The single trait 
is not abstracted by the child from the rest and is not given a special 
role, as in a concept. In complexes, the hierarchical organization 

is absent: all attributes are functionally equal (Vygotsky, 1962:64). 
In terms of Schon's metaphorical process this stage of concept 
formation appears to be very much the same as the transposition stage 
in which the metaphor is formed. The exact equivalences have not 
been explicitly revealed. For example, in the metaphor "man is a 
wolf," there are implied a number of equivalent relations of which no 
One stands out above the others--no hierarchy exists at this point. 

Man and wolf participate in an equal partnership with all their 
characteristics. It requires the stage of interpretation to reveal 
the corresponding relationships and which ones take precedence over 


the others. 
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Vygotsky's final stage, that of "true" concepts, occurs when 
the child guides his mental operations "by the use of words as a 
means of actively centering attention, of abstracting certain traits, 
synthesizing them, and symbolizing them by a sign." (Vygotsky, 1962:62). 
This stage of the concept formation appears to involve several stages 
of the analogical process. In the previous stage complexes were 
formed where instances of the concept participated with all their 
attributes as in the metaphor. These complexes are characterized by 
a set of rules which apply to only a few instances of the total set 
of instances. By setting up an analogy between the members of two 
different complexes common relations may be extracted as in the inter- 
pretation stage of the analogical process. These relations may in 
turn be applied to a third complex to determine if they are applicable. 
Those that are not must be negated as occurs in the correction 
stage. Finally, when a rule Set is extracted which is applicable 
to all instances of the concept, the rule set is formalized as in the 
spelling out process so it can be applied to each instance of the 
concept. When this is accomplished a match has been made between 
the new learning material and the set of rules in the cognitive structure. 
As Orlando (1971) points out, for simple concepts,, simple classifi- 
cation techniques may be employed to derive the rule set; whereas, 
for abstract concepts, the instances of the concept are related to 
the concept in a proportional way, therefore, the proportionality 


schema is involved. Since the proportionality’schema does not appear 
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until the onset of formal operations, abstract concept formation is 
limited to the stage of formal operations. 

The last stage of Vygotsky's process of concept formation is 
accomplished when the concept becomes attached to a symbol to yield 
meaning. Again this is seen to be accomplished through the meta- 
phorical process as indicated by Gendlin. 

Since it appears that Schon's model coupled with Gendlin's 
reflect the stages of concept formation as outlined by Vygotsky, 
these models appear to have some validity as a model for 
the Faen tien of concepts and meaning. Since the use of an analogy 
in an explanation appears to initiate and facilitate the analogical 
process, it follows that the use of an analogy in explanation 
facilitates the formation of concepts and meaning. These new concepts 
result in understanding of the new learning material. Therefore, the 
use of an analogy in an explanation should increase understanding of 
the new learning material. 

However, since the analogical process does not explain a 
number of factors of learning such as maturation, memory, etc., it 
can hardly be classed as a general theory of learning. Therefore, 
the process must be integrated into a more encompassing learning 
theory. 

Johnson (1972:27) has pointed out, "The integration of 
associationist principles for simple learning with cognitive principles 
for abstract operations offer a possibility of synthesis that is being 


explored by many contemporary students of thought." Insofar as 
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analogical reasoning deals mainly with abstract operations, it appears 
that the cognitive viewpoint will be the most productive course to 
follow. 

Carroll (1964) has pointed out that there is a major difference 
between concept learning in the classroom and concept learning in the 
psychological laboratory. Whereas, laboratory studies of concepts 
typically involve artificial and arbitrary combinations of attributes 
already familiar to the student, many of those learned in school are 
legitimately "new." Carroll says, 

New concepts learned in school depend on attributes which 

themselves represent difficult concepts. In more general 

terms, concepts learned in school often depend upon a 

network of related or prerequisite concepts. One cannot 

very well learn the concept of derivative, in the calculus, 

until one has mastered a rather elaborate structure or 

prerequisite concepts (e.g. slope, change of slope, alge- 

braic function, etc.). Further, the attributes on which 

school-learned concepts depend are frequently verbal, 

depending on elements of meaning that cannot easily be 

represented in terms of simple sensory qualities as used 

in concept formation experiments. (Carroll, 1964:190) 
Since Carroll has suggested that most concepts learned in classrooms 
are embedded in a network of other concepts and are presented through 
verbal explanation, the present study employs scientific explanations 
which are presented verbally in written form. 

The general theory of cognitive functioning which seems to best 
lend itself to this kind of school concept learning is Ausubel's 
theory of Meaningful Verbal Learning (Ausubel, 1963). There are three 


major criteria which must be met before one can speak about 


meaningful verbal learning: 


att at aniernot GS0n0% bnagpsbrtes 2 9 ord nt ponte 
atqeonod to. estbuse: (NOSENOdEF. .25979h WIGs 
saiydindde 20 2nottentdmon Kaede bos (staitire 4 
as (éotse of bomwsot szotd ovymam <tnebuse sid ——— 
says: Tics) -*auen®) 


uy oy tat 


ie 


doidw, 2asudinss 6 ——— foowaz of bantaal 2tqes 
igasnoo sfuattith tnsesiget aaviai 


eato Haaioz nt boavea! 23@ «i 
fon Sstziveore yy vo bedslet to # 0 ; 

' aufasteo ond nt so¥PBVEW@S Yo tq92009 93 mash. Mow v1 

7o siudowite sdqyeesto werTey & havssesm ean ono ftinw 

& .<aqole To apne pe .0.3) efqaonos ss hetupaisig 


erin «=. (279 - nO ON OTe 
(ane et S16 baagsd 23q39n02-bamt +908 7 

ad. uftene. phinssm to etnamefs no gntbnagad 

ho2w 25 OUP YOR eignie tc envad nf 
(GOT ». t fovtsd. 

=> 7 
amoorz2siont baniss! 2dqagoman 20m feds bod 2eppuzg esi Tor me 
dovows bahaszeiq sys brs angeones ‘sito to Arowisa & a 
2noftans(qxa ottiinatoe eotqns Ybuse Insz201q 913 satin an | any 
; 


tonnes on0 wed gat 


.2inaniecxs corismot Iqsn0s 
ae. 


saeinigiaiad ot yl fl sdyey wins 7 ce 
to yioant [svenap orf 


: To to bats aia ot 7 


ao 


1. the material to be learned is potentially meaningful, 
2. the learner adopts a learning set to incorporate the 
new learning material into his cognitive structure in 

a nonarbitrary, nonverbatim fashion, and 

3. the individual has within his cognitive structure 

appropriate subsumers to which the new learning 

material can be related. 

The first requirement of potentially meaningful material is met 
if the new learning material has logical meaning and is relatable to a 
hypothetical cognitive structure which has the necessary ideational 
background and degree of readiness. The second requirement of poten- 
tially meaningful material is met if the new learning material has a 
meaningful referent in the cognitive structure to which it can be 
related. 

Ausubel's second major criterion, the learning set of the 
learner, is met if the learner adopts a set to learn the material by 
relating it to available subsumers in a nonarbitrary manner. In 
other words, the learner cannot simply memorize the new learning 
material by rote but must make a conscious effort to relate it to what 
he already knows. 

The third major criterion, the availability of appropriate 
subsumers, is met if there are subsumers within the cognitive structure 
which are inclusive, stable and discriminable from the new learning 
material. If these three criteria are met, then meaningful verbal 


learning can occur. 
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Does the use of an analogy in a scientific explanation meet 
these criteria? Since any scientific explanation being presented must 
be within the cognitive structure of the explainer, it is relatable 
to that cognitive structure. Since such explanations have been learned 
by students of science in the past, they can be related to a cognitive 
structure which has the ideational background and degree of readiness. 
Furthermore, it appears the requirement of a meaningful referent 
is met when an analogy is used in a scientific explanation since the 
primary field of the analogy supplies a meaningful referent in the 
cognitive structure to which the new learning material can be related. 

Since the use of an analogy implies that the learner is to 
relate the new learning material to the primary field through relating 
the two fields, the student adopts a set to learn the material by 
relating it in a nonarbitrary manner. 

The criterion of inclusiveness may be met by selecting a primary 
field which has within it elements and relations which are in one-to- 
One correspondence with the elements and relations of the new learning material. 
If no such inclusive analogy is available then one may be given in advance 
of the new learning material. Since the primary field of an analogy 
is chosen from within the experience of the students, it is encoded 
in the cognitive structure and therefore should meet the requirement 
of stability of the subsumer. Discriminability, the third requirement 
of an appropriate subsumer, appears to be well served by the use of 
an analogy since the primary field is substantivally different from 
the new learning material as is required by the definition of an 


analogy. 
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Hence, it would appear that the use of an analogy in a scientific 
explanation meets the basic criteria for meaningful verbal learning to 
decur. Fundamental to Ausubel's theory is the subsumption process. 
Ausubel claims that at all ages and levels of cognitive development, 
new learning material is subsumed under more inclusive, established 
conceptual systems. The subsumption process leads to differentiated 
cognitive content or a concept. When this differentiated content is 
associated with a symbol.meaning results. 

Basically there are two kinds of subsumption: derivative and 
correlative. Derivative subsumption occurs when the new learning 
material relates to the cognitive structure either as a specific example 
of an established concept or it is supportive or illustrative of a 
previously learned concept. In-either of these two cases, the new 
learning material is directly or self-evidently derivable from or 
implicit in an already established and more inclusive concept in the 
cognitive structure. Ausubel says that in derivative subsumption, 
meaning emerges quickly and effortlessly. However, unless the 
material is overlearned, it tends to be forgotten rapidly because 
the meaning of the new material can be adequately represented by the 
more general and inclusive meaning of the established subsumer. 

In the second type of subsumptive process, correlative subsumption, 
the new material is an extension, elaboration, or qualification of 
previously learned materials. The meaning of the new materia! in 


this case is not implicit in, nor can it be adequately represented 
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by, the subsumers. The rate of forgetting in this case is increased 
if the subsumers are unstable, unclear or insufficiently relevant, 
and if the new learning material is lacking in discriminability or is 
not overlearned. Since the new material is an extension of the 
subsumer, if one can not recall the material it is lost to memory 
because it can not be regenerated from the subsumer as in derivative 
Subsumption. 

In either case the subsumption process leads to differentiated 
cognitive content or a concept. When this differentiated cognitive 
content is associated with a symbol,meaning results. That is, meaning 
is differentiated cognitive content which results from the subsumption 
process and is associated with a symbol. 

Recall that Gendlin defined meaning in this same relational way. 
That is, Ausubel sees meaning as a relation between differentiated 
content and symbol, and Gendlin defines meaning as the relation between 
"felt meaning" (personal meaning) and a symbol.  Ausubel's differen- 
tiated content may be equated to Gendlin's "felt meaning" since Ausubel 
points out that the differentiated content is idiosyncratic because 
of the differences in cognitive content and previous experience of 
each individual. 

Since it appears that the way in which the authors view 
meaning appears to be similar, it remains to compare the processes 
which produce meaning. . In Ausubel's theory, meaning is a product of 


the subsumption process whereas in Gendlin's theory meaning is a 
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product of a metaphorical process. If the points of view of both 
Ausubel and Gendlin are to be accepted, it would appear that the 
metaphorical process is at least one of the processes whereby subsumption 
occurs. To substantiate this stand, it is observed that Ausubel 

claims that to obtain maximum effectiveness in the subsumption process, 
analogies should be used in preparing the cognitive structure to 

receive new learning material (Ausubel, 1963:214). This claim indicates 
that Ausubel thinks that analogy functions in the subsumption process. 
Hence, it appears reasonable to suggest that the analogical process 
outlined earlier in this chapter may be one of the mechanisms whereby 
subsumption may occur. If the analogical process is considered to 

be one of the mechanisms of the subsumptive process then the analogical 
process may be integrated in to Ausubel's model by equating the stages 
of the two processes. 

Ausubel (1965:71) claims that in most cases of concept for- 
mation after early childhood (as in the school classroom) the criterial 
attributes of concepts are presented to learners in the form of verbal 
definitions. Ausubel discusses the processes involved in acquisition 
of concepts through verbal definition: 

Definitional acquisition of a generic meaning involves 
such active cognitive operations as relating the new 
concept to relevant established ideas in cognitive 
structure, apprehending in what ways it is similar to, 
and different from, related concepts, translating it 
into a personal frame of reference consonant with the 
learner's idiosyncratic experience and vocabulary, and 
often formulating what is for him a completely new idea 


requiring much reorganization of existing knowledge. 
(Ausubel, 1965:71-72) 
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An analysis of Ausubel's statement indicates that in the 
formation of concepts through verbal presentation the following 
active operations must be present: 

1. the new concept must be related to relevant, established 
ideas in the cognitive structure, 

2. the new concept must be translated into a personal 
frame of reference, 

3. the similarities and differences of the new and old 
concepts must be analyzed, and 

4, the new concept must be formulated through reorganiz- 

ation of existing knowledge. 

The new concept is related to relevant established ideas in 
the cognitive structure in the intimation and transposition stages of 
the analogical process. In the intimation stage a realization occurs 
that a similarity exists between an existing concept and the new 
learning material. The use of an analogy in an explanation implies 
such a similarity. The secondary field becomes related to the primary 
field which exists in the cognitive structure. Since the primary 
field of an appropriate analogy contains elements and relations which 
correspond to the elements and relations of the secondary field and 
is within the experience of the learner, it meets the requirements 
of a relevent subsumer in that it is stable, inclusive and discriminable. 
This relationship between cognitive structure and new learning mater- 
jal becomes more intimate in the transposition stage where the 


existing sub-concepts become transferred to the new learning material. 
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The assignment of these sub-concepts to specific aspects of the new 
learning material follows in the interpretation stage. Hence, it 
would appear that the use of an analogy in an explanation serves to 
relate the new learning material to a relevant established subsumer 
and aids in translating the new learning material into a personal 
frame of reference since the primary field exists in the cognitive 
structure of the individual. 

The similarities and differences of the new and old concepts 
are analyzed in the correction stage of the analogical process. In 
this stage the match between the new learning material and existing 
concept is analyzed through the process of analogizing. Some of the 
aspects of the existing concept may be found not relevant to the new 
learning material and may be rejected or modified in this stage. The 
function of the use of analogy in an explanation during this stage 
is to reveal points of similarities and differences through the 
analysis of points of analogy and disanalogy. This analysis 
Of points of analogy and disanalogy facilitates the analysis 
of similarities and differences. Furthermore, the use of analogy 
in an explanation serves to aid in the reorganization of existing 
knowledge as suggested by Lazslo's information flow model discussed 
in Chapter I. Hence, it appears that the analysis of similarities 
and differences between the new learning material and the existing 
concept and the reorganization of existing knowledge are served by 


the correction stage of the analogical process. 
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In summary, it appears the active processes involved in the 
subsumption process are the same as those involved the analogical 
process. Therefore, the analogical process is seen as a mechanism of 
the subsumption process. Hence, it would appear that the analogical 
process is subsumed by Ausubel's Theory of Meaningful Verbal Learning. 

Since the use of analogy in a scientific explanation meets 
the requirements of meaningful verbal learning and aids in the active 
Stages of the subsumption process which leads to concept formation 
and meaning, it is hypothesized that the use of an analogy in a 
scientific explanation facilitates understanding of the scientific 
explanation and Ausubei's theory may be used to generate parameters 
for the present study. Ausubel's theory of Meaningful Verbal Learning 
suggests the following parameters for the present study. 

1. Since the new learning material must be relateable to a 
hypothetical cognitive structure which has the ideational 
background and degree of readiness, the scientific 
explanations used in the present study are selected from 
the existing science curricula of the junior high school 
program. 

2. The primary field which is presented to act as the subsumer 
must be written to be within the concrete experience of the 
learner to insure that it can act as a stable, meaningful 
referent for the new learning material. Hence the primary 
fields used in the present study were designed using familiar 


analogates and relations in familiar situations. 
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Since the learner must adopt a learning set to relate 

the new learning material to the primary field, it was 
pointed out to subjects that the primary field was 
presented as a model to enable them to understand the 
scientific explanations by relating the elements and 
relations of the primary field to those of the scientific 
explanations. 

Since the subsumer must be inclusive, the primary fields 

of the present study were designed so that the each of 

the elements and relations in the scientific explanations 
had corresponding elements and relations in the primary 
field. 

To insure that the new learning material was discriminable 
from the subsumer, the primary fields employed in the 
present study were chosen from a realm of knowledge substan- 
tively different from that involved in the scientific 
explanations except in the case where the primary field was 
the postulates of the theory itself. 

Since the primary fields were designed to facilitate 
derivative subsumption in the present study and obliterative 
subsumption occurs rapidly in the case of derivative sub- 
Sumption, comprehension of the scientific passages was 
measured immediately after the scientific explanation was 


read by the subjects. 
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7. If no satisfactory subsumer is available ,one may be 
administered several days before the new learning 
material is encountered. To ensure that the primary fields 
were available and stable in the cognitive structures of 
the subjects, the primary fields were also administered 
two days before the scientific explanations. 
In the following section studies are reviewed which suggest 


additional parameters for the present study. 


OTHER PARAMETERS OF THE PRESENT STUDY 


Reading of the Passages 


Since one of the devices commonly used to aid students in the 
learning of scientific concepts is the textbook, the present study was 
designed to simulate textbook usage. Therefore, the scientific explana- 
tions were presented to subjects in written form. Since different 
concepts require explanations of different lengths, several different 
lengths of explanations were employed. 

After a cursory review of the syntactic form used in several 
science textbooks it appeared that many passages were written ina 
form which closely corresponds to a hypothetical syllogism. Therefore, 
it was felt that this form should be used in structuring the scientific 


explanations for Experiments I and II. Using the same logicai form 
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in all six passages would eliminate the variations in comprehension 
which might be due to logical form alone. Nevertheless, to insure 
that any result obtained was not due to logical form, another passage 
was written in which logical form was not a particular consideration. 
The structure of this scientific explanation was governed only by 

the expository requirements of the subject matter. 

The readability level of science materials has been a matter 
of concern with science educators for some time. In a study by 
Holmquist (1968) designed to develop a readability formula for science, 
ijt was concluded that the modified Dale-Chall Formula (Dale and Chall, 
1948) gave as good results as a special formula designed specifically 
for science. Therefore, the modified Dale-Chall Formula for reada- 
bility was employed in the present study. 

In Experiment I of the present study the readability level of 
the scientific explanations was set at a level higher than the grade 
level of the subjects while the readability level of the primary field 
was set near the level of the tenth grade subjects to insure that 
it was readily understood by tenth grade subjects. This was done 
to place the burden for understanding the scientific explanation onto 
the primary field. Of course the readability levels of the scientific 
explanations were considerably higher than that of an average eighth 
grade student. This meant that the readability of the scientific 
explanations was even more difficult for them while the readability 
of the primary fields were slightly greater than their age level. 


It therefore would seem plausible that subjects at the eighth grade 


- “ + i ie 
waa snots Aric Ital » dot 
a a: - Weibeni . 


“ “ub fon 25" boat ro ers ew j 
(ee 


- 

faa ae 

T 
a v7 


; “ 


pppecsy sae of 5 
snot sensb hanes AB gave? [sntgot Aatiw as 
ve: fino bantavag ah ma attiinsioe 2m se 
Asts, an we od? Yo zinomsitaper ¥ 

1st28m 6 need 28 2]6cistem eanstoe to. feval wtb at 
ydybide 6 nl | .emte Seg WOR exoTs2ubs osnet a aw | 


/gonatae 70) shunt Uh Fiesbeet-s goleveb of bonp hab (geet) pares 
itis bye wis) stump? Thedd-st al bs? rbor od todd bebulanoo @ “= Se 


“tbe 
Feogn' 


deeb | : 


— 
— 


‘ 


yl Testi tosy2, benphesb elumast? Tefoene » 26 21 !ueer boop 26) ovsp (806 
-shsoy Yo} Blumo? Thedjsebel bel tibem ois .sotsteny somata % 
bute Jns2ze71q 4/3 ol bsyorgms: 3 wi 7 

to: foveal vart rdsbeey odd vbave Foses%g eft to! tnomivegxd at 
abate oid net sanipen Fave gp 28 fee eew enoi tens! qxe ‘pit inptoe od 1: 
bist? yrantyg ld Fo Tovah WEP TMadss: aris of rdw 2toatdue leeds Tov _ 
tant syuanh oF” 2ta9idie! abisw finest ei2 Yo level od x90 
Shei dines yd boasevsbay. ane 
. $ Patbasiersbsv 10+ _e ostq 
| ai s2wo02 10 iat 
iptA yidsisbrenos Jieta 


gnob 2sw erat © .2d 
otno: netisaslqxs arvdane 
nttitnstoz sit to ztavel ; (at 4 +8 
Hd ahs as 40 Ser | it 

; c gsdt tnssm etdT 


106 


level would require the primary field for ordering the secondary field 


more than tenth grade subjects. 


SUMMARY 


This chapter began with a review of the research which indicates 
that the learning of new material is affected by the state of the 
cognitive structure. Then empirical studies were reviewed in which 
analogies were used to relate new learning material to the existing 
cognitive structure to increase understanding of the new learning 
material. 

Since the learning of new material involves the formation of 
new concepts, research associated with facilitating conditions of 
concept formation was then reviewed and it was argued that analogies 
might be useful in attaining these conditions. 

A review of two studies relating the development of analogical 
reasoning to Piaget's stages of cognitive growth indicated analogical 
reasoning is not fully developed until equilibration of the stage of 


formal operations. 
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Schon's model of concept development through the analogical 
process was Outlined and the stages of this process were equated to 
the stages of concept development. Since Schon's model was found to 
be inadequate as a general learning theory for classroom learning 
of concepts, Ausubel's theory of Meaningful Verbal Learning was 
invoked as general learning theory. It was argued that the use of 
analogies in scientific explanations appear to satisfy the conditions 
of meaningful verbal learning and it was argued that Schon's model 
is encompassed by Ausubel's theory as a mechanism of the subsumption 
process. Since the subsumption process leads to the learning of new 
concepts and the use of an analogy ina scientific explanation 
fulfills tne requirements of the subsumption process, it would appear 
that the use of analogy ina scientific explanation leads to the 
formation of new concepts which can in turn be used to increase under- 
standing of the scientific explanation. A number of parameters for 
the present study were then developed from Ausubel's theory and some 


additional variables involved in the present study were discussed. 
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CHAPTER III 


DESIGN OF THE STUDY 


The present study consisted of three separate experiments which 
were carried out with high school students in the classroom setting. 
Since each experiment differed from the others, the design of each 
experiment is presented independently. 

It should be recalled that when the word "analogy" is used in 
reference to the present study, singular, qualitative, strong analogy 
is implied. Furthermore, since physical analogy implies the use of 
concrete objects in the primary field, the use of the terms "physical 


analogy implies concrete, singular, qualitative, strong analogy. 


EXPERIMENT I - VERBAL ANALOGIES 


Population and Sample 


The population of this experiment from which the sample was drawn 
was those tenth grade students in Chemistry 10 in the Edmonton Public, 
Edmonton Separate and St. Albert Separate School systems and those eighth 
grade students in the Edmonton Public and the Edmonton Separate School 


systems in the eighth grade core science program. 
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The sample consisted of 1,258 tenth grade subjects enrolled in 
Chemistry 10 classes and 814 eighth grade subjects enrolled in the 


eighth grade core science program. The sample was selected from these 


grade levels since at these grade levels subjects are expected to be at the 


level of formal operations. This was considered important since 


-Lunzer (1970) and Orlando (1971) have shown that some types of analogies may 


not be understood by children who are at the level of concrete operations 
Since subjects at the eighth grade level are near the age of the onset of 
formal operations it was anticipated that they would not understand 
the analogies as well as subjects at the tenth grade level. This same 
consideration was given to the selection of subjects for Experiments 
Diane l? 

Since treatments were distributed to subjects randomly and since 
there was a broad sampling of schools from within the population the 
experimental design constituted a "true" experiment (Campbell and 


Stanley, 1963). 


Design 


The design of this experiment comprised twelve 2 x 7 (sex x 


treatment) fixed effect factorial designs. 
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Development of instruments 


Scientific Explanations. Three different physical phenomena 
chosen from the junior high school chemistry curriculum were used as 
the topics for six scientific explanations. The three topics were: 
liquid-vapour equilibrium in a closed system, entitled Phase Change; 
liquification of a gas by compression, entitled Compression; and 
separation of two gases by diffusion, entitled Diffusion. These 
topics were chosen as being representative of topics encountered in the 
junior high school chemistry curriculum and are frequently explained 
in chemistry textbooks through the use of concrete verbal analogy 
(Scott. 1962) Furthermore, as argued in Chapter II, they appear to 
meet Ausubel's requirement of potentially meaningful material. 

For each topic, two scientific explanations based on the 
Kinetic Molecular Theory were written: one short (approximately one- 
hundred and fifty words) and one relatively longer (approximately 
three hundred words). Both lengths of scientific explanations were 
written in hypothetical syllogistic form: the shorter at argument 
rank three and the longer at argument rank six. The different lengths 
of the explanations were employed to determine if there is a 
differential effect on immediate comprehension when an analogy is 
employed in short and relatively longer scientific arguments. ite 
was hypothesized that since the information load in a short scientific 
explanation is light, the primary field of an analogy would not be 


needed by the learner to order the elements and relations of the 
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scientific argument. Therefore, the use of an analogy in a short 
scientific explanation would not increase comprehension of the scientific 
explanation over that obtained when only the scientific explanation 

is read. On the other hand, for longer scientific explanations with 
greater information load, it was hypothesized that the presence of an 
analogy in the science explanation would increase comprehension over 

that obtained when only the scientific explanation was read since the 
primary field would be required by the learner to order the elements 

and relations of these longer new scientific explanations. 

In order to insure that the three scientific explanations at 
each scientific argument length were comparable in terms of the skills 
peed to read them so that any trends in the results among the 
different topics could be compared, the following parameters were 
established: 

1. the number of words in each scientific explanation was 

approximately the same (See Table 1), 

2. the number of sentences in each of the scientific 
explanations was similar, 

3. the readability levels of the scientific explanations 
were similar (See Table 1), and 

4, the scientific explanations were written in hypothetical 


syllogistic form. 


Primary fields of verbal analogies. Six primary fields of 


concrete verbal analogies were then written to correspond to the six 


scientific explanations. Concrete verbal analogies were employed 
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TABLE 1 


Dale-Chall Readability Levels of Scientific 
Explanations and Primary Fields 


A. Scientific Explanations: Argument Rank Three 


Number oF | Number of Average Length 
Sentences | Unfamiliar Words} Of Sentences 


Scientific 
Explanation 


Phase Change 7 45 
Compression 7 45 
Diffusion 7 39 


B. Scientific Explanation: Argument Rank Six 


Number of 
Unfamiliar Words 


Number of 
Sentences 


Scientific 
Explanation 


Average Length 
Of Sentences 


Phase Change 
Compression 

Diffusion | 
C. Primary Field: Argument Rank Three 


Number of Average Length 
Unfamiliar Words} Of Sentences 


28 18.7 
16 20.6 
28 LP ay2see 


Number of 
Sentences 


Primary 
Field 


Phase Change 


Compression 
Diffusion 


D. Primary Field: Argument Rank Six 


Number of 
Unfamiliar Words 


Average Length 
Of Sentences 


Number of 
Sentences 


Primary 
Field 


Phase Change 


Compression 
Diffusion 
E. Classt@ication of Matter 


Number of 
Unfamiliar Words 


Number of 
Sentences 


Average Length 
Of Sentences 


Scientific 
Explanation 


Primary 
Field 


‘SU 
| stFts 

maa oko sine dere | e2onesnoc 

aft OOS ale at f _ 
are a ee | ‘ -“ 
STL) Bras a —t 

ar rl aoe cae snoty sng lqxa > 

shew) @ignad: Suatsv 40. madi | Yo rsdmatts | 

ava ja asonsana? i jen Bi ee ip T an isdnge 

Steff ahs. a 

21-8) 9.85 ) 

Tatty. ee ee eS) 


em i A A IT: 


abesa Adome: doaiaval 


[ey rd = } 
oe anes 0 


; ¥e, vod 


2931194) ose 


—— ee: 


ere D ne: 4, 


a 


_ 333948 to aofiea 
ahaa! azpasl-spsiavh Yo “vada isthe ia 
4 Beorarnee’ +0 eponesnse 


jy 


Ths 


in the present experiment because Scott (1964) found that this was 

the most common type of analogy employed in explanations of chemistry 
topics in chemistry textbooks. The primary fields used in this 
experiment were selected from textbooks used in junior high school 
chemistry programs as aids in explaining the selected topics; however, 
they were modified somewhat for the present experiment. 

In order to insure that the three primary fields at each 
argument rank level were comparable in terms of skills required to 
read them so that any trends in the results among the topics could be 
compared, the following parameters were established: 

1 the number of words in each primary field was similar 

(See Table 1), 

2. the number of sentences in each primary field was similar 

(See Table 1), 

3. the primary fields were presented in similar syntactical 
form, 
4, the readability levels of the primary fields were similar 

(See Table 1), 

5. the primary fields were chosen from within the experiential 
level of junior high school students, and 

6. the primary fields were written to form concrete verbal 
analogies when coupled with the corresponding scientific 


explanation. 


A seventh primary field consisting of the postulates of the 


Kinetic Molecular Theory was written. Since the theory contains con- 
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eptual objects, the type of analogy generated when this primary field 
was coupled with the scientific explanation was a conceptual verbal 
analogy. This analogy was employed to investigate the ongoing argu- 
ment that the best primary field for a scientific explanation is the 
theory itself. 

The use of a concrete verbal analogy and a conceptual verbal 
analogy for each scientific explanation enabled a comparison to be 
made between the effects which the two types of verbal analogies had 
On immediate comprehension of the scientific explanation. 

The primary fields of the verbal analogies are presented in 


Appendix A. 


Criterion tests. The purpose of the criterion tests was to 
measure the subjects’ comprehension of the content of the scientific 
explanations. 

A criterion test consisting of twenty-five, five-option multiple 
choice items was constructed for each of the three argument rank six 
scientific explanations. An effort was made to include some items 
above category one (knowledge) of the Taxonomy of Educational Objectives: 
Cognitive Domain (Bloom, 1956). These items were then submitted to 
three experienced teachers for criticism. After rejection of some 
items and revision of others, three tests consisting of twenty items 
each were constructed. 

These tests were piloted in Pilot Study III to obtain an item 


analysis in the following manner. Each subject read the postulates 
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of the Kinetic Molecular Theory, one of the three scientific explana- 
tions, its corresponding primary field and then responded to the 
corresponding criterion test. A total of one hundred forty-two subjects 
were employed: forty-seven subjects for Phase Change, forty-four subjects 
for Compression and fifty-one subjects for Diffusion. On the basis 

of the items analyses obtained in Pilot Study III, the three tests were 
revised. Some items were revised, some rejected and a few items were 
added to make three criterion tests consisting of twenty items each 

for the argument rank six scientific explanations. 

The three argument rank three criterion tests were then composed 
by selecting fifteen items which were applicable to the argument rank 
three scientific explanations from each of the argument rank six 
criterion tests and a sixteenth item which was applicable only to the 
rank three argument scientific explanation was added to each argument 
rank three criterion test. 

In summary, this process yielded three criterion tests of 
twenty multiple choice items each having five options for the three 
argument rank six scientific explanations and three criterion tests 
of sixteen, five-option multiple choice items each to accompany the 
three argument rank three scientific explanations. The six criterion 
tests are presented in Appendix A. Kuder-Richardson Formula 20 re- 
liability coefficients based on the sample employed in Experiment I 
are presented in Table 2. 

Scores on these tests were considered to be measures of 


comprehension of the scientific discourses. This assumption was 
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Kuder-Richardson Formula 20 Reliability Coefficients 
For Criterion and Analogy Tests 


A. Criterion Tests 


Phase Change Compression Diffusion 


Grade Rank 6 Rank 3 Rank 6 Rank 3 


8 0.75 0.55 0.67 0.55 0.69 0.55 
(NE 36) N= 32) (N = 125) =i 30) (Nas) (N= 128) 
10 0.71 0.62 0.70 0.56 Oa 7 0.74 


(N= 218)} (N= 204) | (N = 204) (N= 220) | (N = 212)| (N = 194) 


B. Analogy Tests 


Phase Change Compression Diffusion 


8 0.54 0.52 0.55 0.39 
(N=95) | (N=97) (N =101) (N = 93) 
Percent of 
Subjects who 
Failed 
Analogy Test*) 65.2 42.4 72.4 72.0 
10 0.59 Os) 0.47 0.60 QaAZ 
(N =144)| (N= 146) (N = 146) (N = 146) |(N = 143) 
Percent of 
Subjects who 
Failed 
Analogy Test Coe4 Tiel Sao 44.5 oe «1 


*Criterion level for passing set at x > 4 and x > 6 for argument rank three 
and argument rank six tests, respectively 
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checked in Pilot Study V for the three criterion tests corresoonding 

to the argument rank six scientific explanations. Some randoinly 
selected students read a scientific explanation and then responded to the 
criterion test while others responded to the criterion test without 
having read the corresponding scientific explanation. The results 


obtained were as follows: 


Explanation & Test Test Only 


Means Means 
Phase Change 130° (Ni=20) 8.8 (N-9) 
Compression 13.0 (N- 20) 6.8 (N-19) 
Diffusion L2e2 NF 2a) 8.3 (N- 20) 


The data confirmed that subjects who read one of the scientific 
explanations comprehended the scientific explanation significantly better 
than those who had not read the scientific explanation. The low means 
of the groups that responded to the test without having read the 
scientific explanation were interpreted as indicating that the subjects 
were not very familiar with the content of the scientific explanations 


employed in the present experiment. 


Analogy tests. The purpose of the analogy tests was to 
measure the subjects' comprehension of the relations which existed 


between the scientific explanations and their corresponding primary 


fields. It was reasoned that the comprehension of these relations 
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would be necessary if the primary field was to be of assistance to 
subjects in ordering the relations of the scientific explanation. 

The analogy test items were originally constructed by the 
author and then criticized by three experienced teachers. Following 
revision of the items, the items were employed in Pilot Study III 
and subjected to items analysis. In Pilot Study III subjects read the 
postulates of the Kinetic Molecular Theory, the scientific explanation, 
and the corresponding primary field of the analogy. Then they 
responded to the analogy test items before responding to the criterion 
test items. Forty-seven, forty-four and fifty-one tenth grade subjects 
responded to the Phase Change, Compression, and Diffusion analogy 
tests, respectively. The items were then revised on the basis on the 
data from the items analysis in Pilot Study III and a final form of 
each test was constructed. 

The resulting analogy tests which accompanied the argument 
rank six passages consisted of ten, five-option, multiple choice items. 
Items one and two were simple analogy items to determine whether subjects 
could respond correctly to analogy-type items in the format used. Items 
three to ten were designed to test the students' understanding of the 
analogous relations and to clarify the understood analogous relations 
before attempting the criterion tests. The argument rank three 
analogy test consisted of items one to eight of the argument rank 


Six analogy test. 
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A copy of each analogy test is presented in Appendix A. 

Kuder-Richardson Formula 20 reliability coefficients based on 
the sample employed in Experiment I are shown in Table 2. 

In order to insure that subjects were not responding correctly 
to the items by word association or by the form of the item, a random 
sample of subjects was administered the analogy tests corresponding 
to the argument rank six scientific arguments without having previously 
been exposed to the scientific explanation or its corresponding 
primary field and the means were compared with the means obtained by 
a random sample of subjects who read the scientific explanation and 
its primary field before responding to the analogy test. The results 


obtained were: 


Explanation and Primary Field Test Only 
and Test 
Mean Mean 
Phase Change 7.3’ (N= 12) 4.6 (N = 23) 
Compression 6.8 (N = 14) 4.2 (N = 24) 
Diffusion 5:7 (N= 13) 3.5 (N = 30) 


The results confirmed that those who had read the scientific 
explanation and primary field scored significantly higher on the analogy 


test than those who responded to the analogy test only. Furthermore, 
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when the two sample items were deducted from each individuals total, 
the means obtained for those subjects who received the analogy test only 


indicated that the subjects were scoring near the chance level. 


Placebo. The placebo entitled "A Fable for Tomorrow" was 
administered to all students who were not in either the Advance Analogy 
or Advance KMT treatment groups (see Treatments below). The placebo 
was extracted from Rachel Carson's book Silent Spring (Carson, 1962:13-14). 
The content of the placebo was not related to any of the three topics 


in this experiment. 


Treatment groups 


For each of the six scientific explanations seven treatment 
groups were employed. Four treatments were constructed by placing 
the primary field in a booklet so that the primary field was read by subjects 
in one of four different sequences with respect to the scientific 
explanation. The "Pre" treatment group read the primary field immediately 
before the scientific explanation was read. The "Post" treatment group 
read the primary field immediately after reading the scientific 
explanation. The "Within" treatment group read a paragraph of the 
scientific explanation and then the corresponding paragraph of the 
primary field throughout the analogy. The "Side x Side" treatment group 
could read the two fie!ds of the analogy in any order desired by the 
reader since the corresponding paragraphs of the scientific explanation 


were placed beside each other on a divided page with the scientific 
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explanation on the left hand side of the page and the primary field 
on the right hand side. For the fifth and sixth treatment groups, 
"Advance Analogy" and "Advance KMT," the primary field of the analogy 
was not placed in the booklet but was read by subjects two days before 
reading the scientific explanation. In the "Advance Analogy" treat- 
ment the same primary field was employed as in the first four treat- 
ments while in the "Advance KMT" treatment the primary field was the 
postulates of the Kinetic Molecular Theory. The seventh treatment 
group, the "Control" group, read only the scientific explanation. 
Booklets were constructed for each of the six scientific 
explanations so that subjects in the Pre, Post, Within, and Side x Side 
treatment groups read the scientific explanation and primary field in 
the orders outlined above, then responded to the analogy test and then 
responded to the criterion test. Since in the Advance Analogy treatment, 
subjects had read the primary field two days previous to receiving the 
booklet, the primary field was not included in the booklets for this 
treatment group. Hence the booklets for the Advance Analogy treatment 
group contained the scientific discourse, the analogy test and the 
criterion test. The Advance KMT and Control treatment group booklets 
contained only the scientific explanation and the criterion test 
since the Advance KMT group members had read the postulates of the 
Kinetic Molecular Theory two days before receiving the booklet and 
no analogy test was constructed for this treatment. 


In total, forty-two booklets were constructed to correspond 


to the forty-two cells in the design (three topics x two ranks x seven 
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treatments). Each booklet was then duplicated so that there was one 

set for males and one set for females. Booklets for females were marked 
by stapling a yellow page to the back of the booklet. Each booklet 

was labelled with a three digit code number to identify it as to topic, 
argument rank, and treatment group as follows. The first digit indicated 
the topic of the scientific explanation: Phase Change - 1, Compression - 2, 
Diffusion - 3. The second digit indicated the argument rank of the 
scientific explanation: argument rank three - 3, argument rank six - 6. 
The third digit indicated the treatment: Pre - 1, Post - 2, Within - 3, 
Side x Side - 4, Advance Analogy - 5, Advance KMT - 6 and Control - 7. 
For example, booklet 261 contained the topic of Compression (topic 2) 

at argument rank six with the primary field in the Pre position 


(treatment group one). 


Procedure 
The specific details of the procedure employed by the proctor 
for administering the treatments in the classroom are outlined in 
Appendix A, however, the general sequence of events is outlined below. 
1. Advance Analogies. Two days before the test booklets 
were to be administered to tenth grade students, a set of 
primary fields corresponding to each topic and rank (six 
in total) and a set of six copies of postulates of the 
Kinetic Molecular Theory were shuffled with enough placebo 
treatment sheets to make up the number of students in a 


class. These sheets were then handed out to subjects 
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in the class in the order they occurred in the pile 
(random order). This procedure was repeated for every 
class included in the experiment. 

At the eighth grade level four classes were selec- 
ted at random from the total number of eighth grade 
classes employed in the experiment and every member of 
these four classes was administered one of the seven 
primary fields two days previous to receiving the 
corresponding booklet. This modification in procedure 
was necessitated by school administrative problems. 

In both of the above cases the analogy sheets were 
identified by a three-digit treatment code number (as 
explained above) corresponding to a specific treatment 
group. 

Students at both grade levels were then given four 
minutes to read the passages and then were asked to 
write their name and treatment code number on a piece of 
paper so that the booklet each individual received on the 
test day would correspond to the passage read. 

Booklet distribution. Previous to the day of testing 
identifying pieces of paper were clipped to the corres- 
ponding booklet to insure correct distribution of booklets. 
On the day of testing, those marked booklets were first 
handed out to those subjects who had received a primary 


field two days earlier. The subjects who had "placebo" 
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treatments were distributed booklets at random from 

the remaining test booklets, the males and females being 
dealt booklets from separate piles. After a booklet was 
used it would be placed at the bottom of the pile and 
would not be redistributed until all other booklets for 
that sex had been distributed. This was simply a con- 
venient way to distribute the treatments as evenly as 
possible across the sample. This procedure was modified 
at the grade 8 level in that in some classes, selected 

at random, all members of the class were given advanced 
analogies while other classes had none. 

Testing. After handing out the test booklets and answer 
Sheets, the required data on the answer sheet were filled 
in by each student under the guidance of the proctor. 

Then the instructions on the front page of the booklet 
were read aloud by the proctor as students followed by 
reading them from their own booklets. 

Ps truce tions. All subjects were asked to read the passage 
(scientific explanation plus primary field, if any) care- 
fully. | Those who had analogy tests were asked to complete 
as many of the items as they could before going on to the 
criterion test. Those who did not have an analogy test 
were asked to begin immediately with the criterion test 


after having read the scientific explanation. It was 
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pointed out to all students that they could refer back 
to the passage at any time while they were attempting 
to respond to any of the test items. 
Timing. The timing used to give nearly every student 
enough time to complete all questions was: 
Grade 10: argument rank six passage: 30 minutes 
argument rank three passage: 25 minutes 
Grade 8: argument rank six passage: 40 minutes 
argument rank three passage: 35 minutes 
At the end of each of these times the proctor collected 
the booklets and answer sheets. Students were required 
to remain in the classroom for the entire period whether 
or not they had completed the test. 
Analysis of Data. The answer sheets were scored elec- 
tronically by an optical scorer, items analysis and 
analysis of variance were carried out using computer 
programs of the Division of Educational Research Services 


of the University of Alberta. 
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EXPERIMENT II - PHYSICAL ANALOGIES 


Sample 


The population for this study consists of students enrolled in 
grade nine science classes in a secondary school in Vancouver, B.C. 
The sample consisted of one hundred students enrolled in five 


grade nine science classes in the secondary school. 


Design 


The design of this experiment consisted of an experimental group 
and a control group which were statistically matched through random 
selection of subjects into the groups from within classes. A one- 
tailed t-test was used to compare the criterion test score means of the 
experimental and control groups. The experiment consisted of employ- 
ing the Compression and Diffusion argument rank six scientific 
explanations from Experiment I with their corresponding criterion tests 
and primary fields of physical analogies were substituted for the 


primary fields of verbal analogies which were employed in Experiment I. 


Development of primary fields 


Both analogies employed in this study were physical analogies. 


Compression. Ring magnets were embedded in two inch diameter 
styrofoam balls by cutting the balls in half and cutting out enough of 


the interior to lay a ring magnet in each ball. The balls were then 
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glued together again and floated in approximately one inch of water 
in a glass bottomed tank (ripple tank) which was two inches deep, two 
feet long and two feet wide. The balls were initially placed as far 
apart as possible so that the interaction of the magnetic fields was 
negligible. Then a board shaped like a piston as wide as the ripple 
tank was brought to the edge of the ripple tank and then slid along 
the top of the tank. The board contacted the balls as it moved and 
pushed them toward one end of the ripple tank. As the balls moved 
closer together they began to attract and accelerate towards each 
other. The balls eventually were all clustered into one conglomerate. 
The analogous relations between the balls and molecules, magnetic 
forces and inter-molecular forces, the clustering of balls to conden- 
sation of molecules were orally pointed out to the class by the 
researcher in an explicit manner. (See scenario in Appendix A). The 
investigator also demonstrated that if the balls were moving very 
rapidly past each other in a translational manner the attractive 
forces would not cause them to cluster. The translational motion 
was related to temperature of molecules. In this way the concept of 


critical temperature was explained. 


Diffusion. Two plates of glass 8" x 10" were obtained. 
On three edges (two sides and one end) of one of the glass plates wood 
strips 1/2" high and 3/4" wide were glued. A hook was screwed into 
the mid-point of the end strip. A stiff metal rod was attached to 


the hook. To the other glass plate metal studs slightly shorter than 
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one-half inch were glued at one-half inch intervals in rows which 
were one-half inch apart. A space of one and one-half inches with 
no studs was left at one end and margins of one inch were left along 
both sides to accommodate the wood strips on the first plate. The 
rows were staggered so that the studs in the second row were placed 
in the middle of the spaces of row one but set back one-half inch. 
This plate was then placed on top of the wood frame with the studs 
pointing down. Thirty glass beads and thirty lead beads, both one- 
eighth inch in diameter, were placed at the closed end of the glass 
box hereinafter referred to as the diffusion demonstration chamber. 
The diffusion demonstration chamber was then placed on a level over- 
head projector and the metal rod attached to the hook on the closed 
end of the diffusion demonstration chamber was attached to a one-half 
inch radius eccentric on the shaft of a variable speed motor. When 
the motor was started the diffusion demonstration chamber slid back 
and forth and the studs contacted the lead and glass beads giving 
them kinetic energy. The motor was allowed to run for ten 
seconds or fifty complete cycles (back and forth). 

The number of glass and lead beads which left the other end 
of the diffusion demonstration chamber were recorded for five trials. 
After each trial the beads which had left the diffusion demonstration 
chamber were replaced before the subsequent trial was carried out. 

It was evident that the number of glass beads escaping was greater 


than the number of lead beads. The results of fifteen trials conducted 
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previously by the investigator were displayed using an overhead transparency 
on the overhead projector. 

It was explicitly pointed out by the investigator that this 
demonstration was designed to simulate the diffusion of two gases of 
different molecular mass through air molecules which were represented 
by the studs. The demonstrator attempted to insure that all students 
realized that the lighter glass beads diffused faster than the heavier 
lead beads even though they both were given the same amount of energy 
by the oscillating studs. Then the analogous case for the diffusion 


of two gases was explicitly stated by the investigator. 


Procedure 


The following procedure was employed for each of the two 
scientific explanations in this experiment. 

1. Random integers were assigned to identify each member 
of the class. Those with odd numbered integers were 
asked to leave the classroom for a few minutes. An 
observer was posted at the door to insure students out- 
side the classroom could neither hear nor see what 
transpired inside. 

2. Subjects remaining in the classroom were presented with 
one of the primary fields. The instructional procedure 
was aS outlined in the preceding section. A detailed 


description is presented in Appendix A. 
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Sample 


After the simulation was completed the odd-numbered 
students were called back into the room and the 
booklets containing the scientific explanation and 
criterion test were distributed. Subjects were 
instructed to read the scientific explanation and then 
respond to the criterion test items. They were 
further told that if they wished to refer to the 
scientific discourse as they were responding to the 
criterion test items, they were free to do so. 
Subjects were given thirty minutes to complete the 
task. 

Papers were collected at the end of this time and 


were scored by the optical scorer. 


EXPERIMENT IIIT - EXTENDED VERBAL ANALOGY 


The population for this experiment from which the sample was 


drawn was grade nine science classes at a secondary school in 


Vancouver, British Columbia. 


grade ni 


regularly by the investigator and two classes were taught by another 


teacher. 


The sample consisted of eighty-one subjects enrolled in four 


ne science classes. Two of these classes were taught 
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Design 


The design of this experiment consisted of an experimental 
group and a control group which were statistically matched by randomly 
assigning subjects to the experimental and control groups. A one- 
tailed t-test was used to compare the criterion test score means of 


the experiment and control groups. 


Development of instruments 

Scientific Explanation. An eight hundred and twenty-three 
word scientific explanation was written describing the classification 
of matter and chemical change. The syntactical form used in this 
scientific discourse was that determined by the logical requirements 
of the subject matter. 

The topic was chosen because it was part of the regular 
curriculum at the ninth grade level. Furthermore, the two teachers 
of the classes involved in the study were able to teach the sequential 
curriculum up to the point where the next topic to be introduced was 
the classification of matter and chemical change. This insured that 
the students had what was considered by curriculum developers to be 
an adequate background to receive the topic of the present experiment. 
This preparation of student background was deemed necessary to determine 
whether the immediate comprehension of an "“in-context" scientific 
explanation was affected by the use of a verbal analogy in the scientific 


explanation. 
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A copy of the scientific explanation is presented in Appendix A. 


Primary Field. A primary field of a conceptual verbal analogy 
was written to parallel the structure of the scientific explanation. 
The analogy compares letters of the alphabet and words with atoms and 
molecules, respectively. This resulted in a "conceptual" verbal 
analogy. The analogy is one which is used in science textbooks 
(Drugge, 1968) and by junior high school teachers. The primary field 
was placed immediately after the scientific explanation because the 
results of Experiment I indicated that this position yielded reasonably 
consistent results in terms of immediate comprehension. A copy of the 


primary field is presented in Appendix A. 


Criterion Test. Twenty, four-option multiple choice were 
constructed by the researcher. Care was taken to include some items 
above the knowledge level of Bloom's Taxonomy of Educational Objectives: 
Cognitive Domain (Bloom, 1956). These items were then submitted to 
two practising teachers for criticism. After revision of some items 
and rejection of others the test was employed in Pilot Study I and 
items analysis was carried out. The items were again revised on the 
basis of the results of Pilot Study I and the criterion test of fifteen 
items for the present experiment was constructed. The KR-20 reliabil- 
ity coefficient of the test based on the sample in the present 
experiment was 0.45. A test-retest reliability coefficient of 0.72 
was obtained when an interval of three days was employed. 


A copy of the criterion test is presented in Appendix A. 


: ‘ia 


8 


ae? "aa 


- _ : i 4 
Y ~ Por 


otttinet 


wot kas fsdyov I Tyrer iq A 


notrenstqae ; 


wa) “aay att isthe 
bas 2mcds Atty abvow t 18) mie oat to erofiel 291 
ane | J 
(ndvev “ feudapanaa"* 29%. 2in7 “efovtgaaqesy: 42 


zNontitxes sonaise ob 8 » et datiw.ano 2t ewbtana sh a 
biol? yiaityg ont ales figin sotnut yd bs (ever 
att seupaed nottenel axe shitist >: ais watts st 

yiMsaozesy beblsty pols teog att urls > aisotbat I thie ad aa 
att Yo yada A .solensdsdqmig Stetbes:? 10-193 nt esTwasy 
rT -# kiheecg’ ct batnseavqg ef biott \ . 

gvaw Safod> <fqtyTum nof¥gderwo? «WaowT -t29T nolyedind av 


| aed ae 
amait paca Shulant of nets zew sie). vsvi2759299 ont xd bstou 


aan 

a 

sgaytiachdO Venoitssuh? Yo yonOnsT e'moo!l? *o faval sohatwor oid 9 ne ri 
ot Sasitmdue orld etdw amad wesdT ~ . (a20! moor) nto uti u 


ansdt amoe Yo AoTtefvet WSETA .melorsivo + eyedasad oni a 
tay a Ws 
boa 1 ybus2 tof nt bayofgqma sew trot ort erate ¥0 cat otan Dns 


af? AG bazivey otsps svaw anadi ea7 = .tuo batr189 pp ztegta 5 ama: t 
<i e a 

nasatt? to test nobvadivs sat bit 1 ybus?2 iofrs to stuart ans Yo ats tout 
one OS-Ad sat -betauntetion 26w Jem! eqx9 09204 eit | | 


nen ge 2 ; ; 
tpaiaba o_o test anit to Inet: i | 


Sit ae 
t if mal \ Te <n Piel Be , ite be } “‘Yestar- g 297 K 2b.0- 
ite Sa ae ms » Win 
; om Web Savy. 40 [ovreint ns nedw 
mae} nin 4 — 


bry ( aA ai a ; eon 21 test noivatii. 9 


138 


Procedure 


1. Test booklets which contained the scientific explanation, 
primary field and criterion test were randomly mixed with 
an equal number of test booklets which contained only 
the scientific explanation and the criterion test. The 
booklets were then distributed to subjects in the order 
they occurred in the stack of booklets. 

2. After completing the required information on the answer 
Sheet, subjects were directed to carefully read the 
discourse, the analogy (if they had one), and then to 
respond to the items on the criterion test. Subjects were 
told that if they wished, they could refer to the dis- 
course or primary field (if one was present) while respond- 
ing to the criterion test items. 

3. Students were informed that the words in the test items 
were used in the correct scientific sense as they were 
defined in the scientific explanation. 

4. Subjects were given a total of thirty minutes to complete 
the task. This was found to be ample time. 

5. Papers and answer sheets were collected at the end of this 
time and were optically scored for items analysis and 


total score. 
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CHAPTER IV 


RESUETS OF THE STUDY 


INTRODUCTION 


The presentation of the results is divided into three sections 
corresponding to the three experiments outlined in the previous chapter. 
A discussion of the results is undertakenafter the presentation of 
results for each experiment. Then an over-all discussion dealing with 
the major parameters of the study is presented. 

Statistical results were computed by the Division of Educational 
Research Services documented computer programs. In the statistical 
analyses, a level of significance of 0.05 was adopted for all hypothesis 
testing. That is, results are said to be statistically significant 
if the probability of observing such a difference as a result of 


sampling error is 0.05 or less. 


EXPERIMENT I - VERBAL ANALOGIES 


Major Hypothesis and Associated Questions 


Hypothesis I 


There is no significant difference in criterion score means: 


(a) between sexes, (b) among formats, and (c) there is no significant 
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sex x format interaction effect. 

The format dimension consisted of presentation of the primary 
field of a verbal analogy in the following positions with respect 
to the scientific explanation: 

1. Immediately before (designated "Pre"). 

2. Immediately after (designated "Post"). 

3. Within the scientific explanation so that a paragraph of 
the scientific explanation was followed by the corresponding 
paragraph of the primary field (designated "Within"). 

4. Beside the scientific explanation on a split page so that 
the primary field was on the right hand side of the 
scientific explanation and corresponding paragraphs were 
side by side (designated side x side and abbreviated "SxS"). 

5. The primary field was read two days before the scientific 
explanation (designated advance analogy and abbreviated 
UAdv. Analen). 

6. The postulates of the Kinetic Molecular Theory were read 
two days before the scientific explanation (designated 
Advance KMT and abbreviated "Adv. KMT"). | 

7. No primary field was presented. Subjects read only the 


scientific explanation (designated "Control"). 


Associated Questions 


Is the effect which the use of a verbal analogy in a scientific 
explanation has on immediate comprehension of the scientific explanation 


independent of the: 
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1. type of verbal analogy employed? 
2. topic of the scientific explanation? 
3. length of the scientific explanation? 


4. grade level of the subjects being tested? 


RESULTS 


Major Hypothesis 


Three passages at grade ten level, argument rank three 


The results for the three 2 x 7 two-way analysis of variance 


designs are presented in Tables 3 to 5, inclusive. 


Sex main effect. The three tables show that no sex main effects 
were indicated. In each of the three cases the mean scores of the males were 


higher than for females. However, this difference was small (0.1 to 0.4). 


Format main effect. No significant format main effect was noted 
in any of the three cases. 
1. Phase change: Three of the six means were greater than, two 
were less than, and one was the same as the mean of the 
control group. 
2. Compression: Two of the six means were greater than the 
mean of the control group while four means were less. 
3. Diffusion: All means were greater than the mean of the 


control group. The "Post" format mean was greatest at 
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TABLE 3 
Summary of Two-Way Analysis of Variance on Criterion Scores 


For Phase Change, Argument Rank Three 
Grade Ten: Sex x Treatment 


A. Two-Way Analysis of Variance: Sex x Treatment 


Source 
Sex 
Treatment 31.64 
Sex x Treatment Whee 
Errors 1560216 


Homogeneity of Variance Test Chi-Square = 12.4 P = 0.49 


B. Cell Means and Frequencies 


SxS |Adv. Anal. | Adv. KMT | Control | Row Means 


Post} Within 


Male 


Column 
Means 
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TABLE 4 
Summary of Two-Way Analysis of Variance on Criterion Scores 


for Compression, Argument Rank Three 
Grade Ten: Sex x Treatment 


A. Two-Way Analysis of Variance: Sex x Treatment 


Prob- 
ability 


Source 


Tieg3 


Sex 


Treatment 28.41 


44.76 


Sex x Treatment 


Errors 1326320 


Homogeniety of Variance Test Cni-Square = 12.88 P = 0.46 


B. Cell Means and Frequencies 
| | Row 
Pre Post | Within}; SxS | Adv. Anal. | Adv. KMT |} Control| Means 


Female 971 8.8 9.4 
(17)} (17) 

Male O15 9.4 Dae 
V2) (15) 
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TABLE 5 


Summary of Two-Way Analysis of Variance on Criterion Scores 
for Diffusion, Argument Rank Three 
Grade Ten: Sex x Treatment 


A. Two Way Analysis of Variance: Sex x Treatment 


Prob- 
ability 


Source F-Ratio 


Sex 7.48 


Treatment 84.74 


Sex x Treatment 10243 


Errors 2405.07 


Homogeniety of Variance Test Chi-Square = 3.26 Pe= Ot) 


B. Cell Means and Frequencies 
Row 
Pre Post je Within SXO Adv. Anal. | Adv. KMT | Control iMeans 


Female Qeomea Ose 
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2.2 points higher than the control mean. When each of 

the six cells in a given row was compared against the mean 
of the control group for that row and the results were 
tallied across the contents, twenty-five cell means were 
greater than, ten less than, and one was the same as, the 


corresponding control group mean. 


Interaction: No significant sex x format interactions were 
noted in any of the three cases: Phase Change, Compression, or Diffus- 
ion. For none of the three topics (Phase Change, Compression, Diffusion) 
was the major null hypothesis rejected. 

This result is congruent with the hypothesis that the presence 
of an analogy in a relatively short scientific explanation would have 


little or no effect on comprehension of the scientific explanation. 


Three passages at the grade ten level, argument rank six 


The results for these three two-way analysis of variance designs 


are shown in Tables 6 to 8, inclusive. 


Sex main effect: The three tables show that no significant 
sex main effects were indicated. For the Phase Change and Compression 
designs, the means were almost identical whereas males scored one 


point higher than females on the Diffusion passage. 


Format main effect 
1. Phase Change: A significant format effect was obtained. 
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TABLE 6 
Summary of Two-Way Analysis of Variance on Criterion Scores 


for Phase Change, Argument Rank Six 
Grade Ten: Sex x Treatment 


A. Two-Way Analysis of Variance: Sex x Treatment 


Prob- 


ue ability 


Sex 84 
Treatment W252 . 04 
Sex x Treatment 125558 P16 


Errors 2706.02 


Homogeniety of Variance Test Chi Square = 20.37 P = .086 


B. Cell Means and Frequencies 


Row 
Pre Post vstnin| ses | a Anal. | Adv. KMT | Control | Means 


Female 14.7 }ot2 
(16) 
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TABLE 7 
Summary of Two-Way Analysis of Variance on Criterion Scores 


for Compression, Argument Rank Six 
Grade Ten: Sex x Treatment 


A. Two-lay Analysis of Variance: Sex x Treatment 


Source SS DF MS F-Ratio AS 
Sex =07 ] FO7 0.006 94 
Treatment LOS 2S6 OF | 404 12e8¢ c5 
Sex x Treatment 35.00 6 5.93 0.44 sists 


Errors 2546.01 189 13447 


Homogeniety of Variance Test Chi-Square = 16.58 Pe= 0822 


B. Cell Means and Frequencies 


Adv.Anal. 


. KMT | Control | Means 


Column 
Means 
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TABLE 8 
Summary of Two-Way Analysis of Variance on Criterion Scores 


for Diffusion, Argument Rank Six 
Grade Ten: Sex x Treatment 


A. Two-Way Analysis of Variance: Sex x Treatment 


Source SS DF MS | F-Ratio | Prob- 
ability 
Sex 48.8] ] 48.81 2.64 0.1] 
Treatment Oso 6 Toeo0 O75 0.61 
sex x Treatment 214.09 6 SOO 1.94 0.08 
Errors 3669.31 199 | 18.44 
Homogeneity of Variance Test Chi-Square = 6.91 Po="0.91 


B. Cell Means and Frequencies 
Row 
Pre | Post | Within] SxS | Adv.Anal. | Adv. KMT | Control Means 


Female la liGee pac 
(14) (el7.) 
Male See on 4 
(il)se G14) 
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format mean is significantly-less than the other six means. 
Comparison of the treatment means indicates that only one 
cell has a mean greater than tne control group whereas 

five of the means are less. Basically, all means except 
that of the "Pre" cell are essentially the same. 

2. Compression: No significant format effect was indicated. 
Comparison of treatment means indicates that the means of 
Advance Analogy, Advance KMT and the control groups are 
similar. The other four means are 0.7 to 1.9 points less 
than the control group mean. Again, as in the Phase 
Change rank six passage, the "Pre" format mean is least at 
1.9 points below the control group mean. 

3. Diffusion: No significant format effect was indicated. 
Three of the six treatment means were greater than that 
of the control group while three cells were less. Differen- 
ces were very small except the "Pre" and "SxS" format means 
which were less by 0.7 and 1.4 points, respectively. The 


mean for males on the "Pre" format was only 10.5. 


Interaction: No significant sex x treatment interaction 
effects were observed in any of the three designs: Phase Change, 
Compression or Diffusion. 

The major null hypothesis was rejected for the Phase Change 
topic because of the format main effect. The Neuman-Keuls comparison 


of means test indicated that the format main effect was due to the 
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mean for the "Pre" format being significantly lower than the other 
six means. Since the argument rank six scientific explanations are 
more complex than the less complex argument rank three scientific 
explanations, it was hypothesized that the presence of a verbal 
analogy would aid in comprehension of the rank six passages; however, 
the only significant difference observed indicated a decrease in 
comprehension when the primary field was placed in the "Pre" format. 
Since no corresponding significant differences were observed for the 
Compression or Diffusion passages, or for the Phase Change passage 
at the argument rank three level, it appears that there may be an 
interaction between the topic of the scientific explanation and the 
length of the scientific explanation. This interaction is discussed 


further under Associated Questions. 


Three passages at the grade eight level, argument rank three 


The results for the three two-way analysis of variance designs 
are shown in Tables 9 to 11, inclusive. The low frequencies in each 


cell should be noted. 


Sex main effect: The three tables Show that no significant 
sex main effects were indicated. For the Phase Change passage, the 
male mean was 0.7 greater than the female mean while the means for 


Compression and Diffusion favoured females by 0.2 and 0.5, respectively. 


Format effect: No significant format main effects were noted 


for any of the three designs. 
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TABLE 9 
Summary of Two-Way Analysis of Variance on Criterion Scores 


for Phase Change, Argument Rank Three 
Grade Eight: Sex x Treatment 


A. Two-Way Analysis of Variance: Sex x Treatment 


; Prob- 
Source Ss DF MS F-Ratio ability 
Sex 15597 ] 15297 1.95 OF 17 
Treatment 52.91 6 8.82 1.08 0.38 
Sex x Treatment 58 .08 6 9.68 ies RSS OV32 
Errors 967.26 118 O22 
Homogeniety of Variance Test Chi-Square = 12.3 P = 0:50 


B. Cell Means and Frequencies 


Row 
Pre Post | Within SxS Adv. Anal. | Adv. KMT | Control Means 


Female | 8.6 | 6.8 6.6 | 6.8 8.1 7a 628) 0.3 
SLO le) ERE Va) (8) (9) (12) 

Male lies SC | [rae 8.0 8.8 5.8 | 8.0 
(11)} (9) (9) | (10) (5) (5) (10) 
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TABLE 10 
Summary of Two-Way Analysis of Variance and Criterion Scores 


for Compression, Argument Rank Three 
Grade Eight: Sex x Treatment 


A. Two-Way Analysis of Variance: Sex x Treatment 


Source 


Sex 
Treatment O21 
Sex x Treatment 0223 


Errors 


Homogeniety of Variance Test Chi-Square = 11.0 Pee Urol 


B. Cell Means and Frequencies 


Row 
Pre | Post | Within! SxS | Adv. Anal. | Adv. KMT | Control (Means 


Female Ps iss Ges) tok! 8.3 8.3 Bac yes 
(10)} (12) 2) 110) (6) (7) (10) 
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(10)} (8) eto) (10) (7) (11) 
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TABLE 11 
Summary of Two-Way Analysis of Variance on Criterion Scores 


for Diffusion, Argument Rank Three 
Grade Eight: Sex x Treatment 


A. Two-Way Analysis of Variance: Sex x Treatment 


Source 


Sex 
Treatment 
Sex x Treatment 


Errors 


Homogeneity of Variance Test Chi-Square = 14.1] Paw Oras 


B. Cell Means and Frequencies 


Row 
Pre Posi WeWathain 5S Adv. Anal. | Adv. KMT | Control Means 


Female 7. 0i| ORSRO 6.1 ny Gm 6.7 
CLO) APC) Stel) (9) (10) 

Male boOuale 6.0 52 7.0 6.4 | 6.2 
2 aes) aa) (7) (9) 


Column 
Means 6.0 Sai Se/ 6.5 RS) 6.8 rin!) 
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1. Phase Change: All six treatment cell means were numeric- 
ally greater than the control group mean by 1.0 to 1.8 points. 

2. Compression: All six treatment cell means were numerically 
greater than the control group mean by 0.4 to 2.3 points. 

3. Diffusion: One treatment cell mean (advanced analogy) was 
numerically greater than the control group mean while the 
other five means were less. The "post" and "within" means 
were less than the control means by 1.3 points. 

When the means of each of the six cells in a given row were compared 
against the mean of the control group for that row, and the results 
were tallied across the three contents, twenty-three cell means were 
greater than, twelve were less than and one was the same as the 


corresponding control group mean. 


Interaction: No significant interactions were noted for 
any of the three topics: Phase Change, Compression or Diffusion. 

For none of the three topics was the null hypothesis rejected. 
This result is congruent with the hypothesis that the presence of an 
analogy in a relatively short scientific explanation would have little 


or no effect on immediate comprehension of the scientific explanation. 


Three passages at the grade eight level, argument rank six 


The results for the three two-way analysis of variance designs 
are presented in Tables 12 to 14, inclusive. The low frequencies in 


each cell should be noted. 
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TABLE 12 
Summary of Two-Way Analysis of Variance on Criterion Scores 


Phase Change, Argument Rank Six 
Grade Eight: Sex x Treatment 


A. Two-Way Analysis of Variance: Sex x Treatment 


Source SS DF MS F-Ratio Probability 
Sex 12.49 ] 12.49 O76 0.38 
Treatment 264.26 6 44,94 2.69 0.02 
Sex x Treatment 161.89 6 26.98 1.64 OF13 
Errors 1995.88 122 16.36 


Homogeniety of Variance Test Chi-Square = 18.6 P= 0.14 


B. Cell Means and Freauencies 


Row 
ee Within! SxS | Adv. Anal. KMT | Control |Means 


Female T0e2 : 
(10). (9) Cita (12) Gly, (9) (is) 
Male 1035 oe ies Sd) 
(10) (10) (9) (10) 


Means 6.6 8.4 (oie Name eae) oss 10.6 


a RS 


151 


TABLE 13 
Summary of Two-Way Analysis of Variance on Criterion Scores 


for Compression, Argument Rank Six 
Grade Eight: Sex x Treatment 


A. Two-Way Analysis of Variance: Sex x Treatment 


Source S5 DF MS Probability 


Sex WA92 ] 11.92 0.98 Ore 
Treatment 102.74 6 a2 1.41 Oey | 
Sex x Treatment 29 fiz 6 ZAC V./8 0.18 
EFVors: 1464.64 Tal 12.10 


Homogeniety of Variance Test Chi-Saquare = 7.40 P = 0.88 


B. Cell Means and Frequencies 


Pre | Post | Within! SxS | Ad.Anal.| Adv. KMT | Control ane 

Female 65 63 Died 6.5 G3 1.0 7.4 
(i) 1) (10) (TO) (UL) Gis) (10) (9) 

Male 9.8 Gal a0) 8.4 8.4 Slee! eae 8.0 
(10) | (10) (10) (8) (8) (10) 
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TABLE 14 
Summary of Two-Way Analysis of Variance on Criterion Scores 


for Diffusion, Argument Rank Six 
Grade Eight: Sex x Treatment 


A. Two-Way Analysis of Variance: Sex x Treatment 


DF MS | F-Ratio Probability 


Sex 1cc ] 1.78 
Treatment 126-74 Gealec lec 
Sex x Treatment 61.60 6 10227 
Errors 1667.26 TOS 1544 
Homogeniety of Variance Test Chi-Square = 17.5 Pe=20. 119 


B. Cell Means and Frequencies 


mats Post | Within | SxS | Adv.Anal. | Adv.KMT Means 


Female : 726 146 9.4 ‘ 
(10) (lO aie ( 9) (8) (8) (10) 
Male ; 8.0 11.4 7.0 158 Geo 8.4 
(9) (9) (8) (8) 


Column 
Means 
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Sex main effect: The three tables show that no sex main 
effects were indicated. In each of the three cases the mean score of 


the males was numerically greater than the means for females. 


Format main effect: | Among the three designs only Phase Change 
had a significant format main effect. 

1. Phase Change: The "Pre" and SxS" cell means were signifi- 
cantly lower than the control group mean. All six cell 
means were numerically less than the control group mean. 

2. Compression: Of the six experimental group means, three 
were numerically greater than the control group mean while 
three were less. Of the two formats which were siagnifi- 
cantly lower in Phase Change, "Pre" is numerically greater 
than the control group mean by 0.1 while "SxS" is numeric- 
ally smaller by 0.6 points. 

3. Diffusion: Of the six experimental group means, three were 
numerically greater than the control group mean while 
three were numerically less. Of the two formats which 
were significantly less in Phase Change, "Pre" and "SxS" are 
numerically smaller than the control group mean by 2.0 and 


1.3 points, respectively. 


Interaction: No significant interactions were noted for 
any of the three topics. 
When each of the six cells in a given row was compared against 


the mean of the control group for that row and the results were tallied 
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across the three contents, twelve cell means were greater than and 
twenty-four less than corresponding control group mean. 

The major null hypothesis was rejected for the Phase Change topic 
because of the format main effect. The Neuman-Keuls comparison 
of means test indicated that the format main effect was due to the means 
for the "Pre" and "SxS" formats being significantly less than the control 
group. Since the argument rank six scientific explanations are more 
complex than the less complex argument rank three scientific explana- 
tions, it was hypothesized that the presence of a verbal analogy 
would aid in immediate comprehension of the rank six passages; however, 
the only Significant differences observed indicated a decrease in 
immediate comprehension when the primary field was placed in the "Pre" 
and "SxS" formats. Since no corresponding significant differences 
were observed for the Compression or Diffusion passages or for the 
Phase Change passage at the argument rank three level, it appears that 
there may be an interaction between the topic of the scientific 
explanation and the length of the scientific explanation. This inter- 


action is discussed further under Discussion of Results. 


Order of Treatment Group Means: The treatment group means 


were placed in rank order, from least to greatest, and assigned values 
One to six, respectively. Ties were averaged. The values were then 
summed across the twelve designs for each format. The rank order 


and values were as follows: 
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Format Pre Post Within SxS Adv. Anal. Adv. KMT 
Total 29 40 4] 33 ey eae 56.5 
Rank Order ] 3 4 2 5 6 


Similar rankings were obtained when the same computation was carried 
out keeping rank six and rank three agruments separate. 

It may be noted that when the treatment means are ranked, the 
"Pre" and "SxS" formats appear to form a pair, the "Post" and "Within" 
another pair then the "Adv. Anal." and "Adv. KMT" a third pair. The 
"Pre" and "SxS" being the least helpful and "Adv. Anal." and "Adv. KMT" 


being the most helpful in terms of immediate comprehension. 


Summary of Results of Major Hypothesis of Experiment I 


Sex main effect: In none of the twelve cases (three contents 
x two argument ranks x two grades) was a significant sex main effect 
noted. In nine of the twelve cases, the means for males were 
numerically greater than the means for females. In no case, however, 


was this difference of means greater than 1.0. 


Format main effect: In only two of the twelve cases was there 
a format main effect. These both occurred for the Phase Change 
passage at the argument rank six level (at both grade levels). Further 
analyses using the Newman-Keuls Test for differences among means 
indicated that in both cases the "Pre" format cell means were signifi- 


cantly lower than the control group means and at the eighth grade 
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level the "SxS" treatment mean for Phase Change was also significantly 
lower than the control group mean. Analysis of the patterns of the 
means indicates that when analogies are presented concurrently with 

the scientific explanation, means tend to be depressed. Analysis of 
meansnof tthe “Pre, stPost 33 Within cand SxS" scel'isowersusetheiy 
corresponding control group means indicated that, at argument rank six, 
nineteen means were numerically less while only four means were 
greater, and one was the same as the corresponding control means 
whereas at argument rank three, only six means were less while 

sixteen means were greater, and two were the same. On the other hand, 
analysis of means of the "Advanced Analogy" and "Advanced KMT" cells 
versus their corresponding control group means indicated that, at 
argument rank six, five means were numerically less while seven were 
numerically greater whereas at argument rank three, four means were 
numerically less while eight were numerically greater. 

In summary, there was a numerical trend which indicated that, 
for argument rank six passages, analogies presented concurrently with 
the discourses tend to depress comprehension while those presented in 
the advanced position tend to favour increased comprehension, 

For argument rank three passages, analogies presented concurrently 
with the discourses and those presented in the advanced position tend 
to favour increased comprehension. It must be stressed that this 
Summary iS based on simple numerical and not statistical differences; 
however, the above mentioned pattern does seem to exist even though 
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Sex x format interaction: In none of twelve cases (two grades 
x two argument ranks x three contents) was a significant interaction 
effect noted. 

It was concluded on the basis of the above results that the major 
null hypothesis was not rejected except for the argument rank six 


Phase Change scientific explanation at both grade levels. 


Associated Questions 


1. Is the effect which the use of a verbal analogy has on immediate 
comprehension of the scientific explanation independent of the 


type of verbal analogy employed? 


It was hypothesized that when a primary field containing concrete 
verbal analogates were employed in a scientific explanation, immediate 
comprehension would be greater than that obtained when a conceptual 
verbal analogy was employed. This hypothesis was derived from the work 
of Heidbreder (1947) and Ennis (1965) who found that it was more 
difficult to manipulate concrete objects than abstract objects in the 
thinking process. This hypothesis was tested in the present experiment 
by employing both concrete and conceptual analogies in the advance 
format. Since no significant differences were observed between the 
means of the two types of analogy in any of the twelve cases tested, 
it would appear that the effect which the use of a verbal analogy has 
On immediate comprehension is independent of the type of verbal 


analogy employed. 
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2. Is the effect which the use of a verbal analogy has on immediate 
comprehension of the scientific explanation independent of the 


topic of the scientific explanation? 


The only significant differences observed between control group 
means and treatment group means were associated with the Phase Change 
topic, argument rank six. At both the eighth and tenth grade levels the 
means for the "Pre" format treatment group were significantly lower than 
the corresponding control: group means and at the eighth grade level 
the "SxS" format treatment group mean was significantly lower than the 
control group mean. Since no corresponding significant differences 
were observed for the Compression and Diffusion topics, it 
would appear that the effect which the use of a verbal analogy in a 
scientific explanation has on immediate comprehension of a scientific 
explanation is not independent of the topic of the scientific 


explanation. 


Since evaporation and condensation are often dealt with in 
science programs during the elementary grades, it may be that the Phase 
Change topic was relatively familiar to the subjects of the 
present experiment. Hence, it may be that when the primary field 
of a concrete verbal analogy is read previous to a relatively familiar 
rank six scientific explanation, immediate comprehension of 


the scientific explanation is lower than when the scientific 
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explanation is read without the primary field of the scientific explana- 
tion. However, it should be noted that the "Pre" format mean was less 
than the corresponding control group mean for five of the six argument 


rank six passages. 


3. Is the effect which the use of a verbal analogy has on immediate 
comprehension of the scientific explanation independent of the 


length of the discourse? 


It was argued that the use of an analogy ina relatively short 
scientific explanation would have little effect on immediate compre- 
hension of the short scientific explanation since the complexity of the 
argument is not great enough to require an external model to order the 
elements and relations of the explanation. This argument was sub- 
stantiated by the results of the present experiment since no signifi- 
cant differences were observed between treatment groups which were 
administered analogies and their corresponding control groups which 
were administered argument rank three scientific explanations 
only. 

It was also argued that the use of a verbal analogy in longer, 
more complex argument rank six scientific explanations would increase 
comprehension of the scientific explanation over that obtained when 
only the longer scientific explanation was presented to the learner. 


This argument was not supported by the results of the present experiment. 
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In fact, in three of the thirty-six treatment groups for which verbal 
analogies were employed in argument rank six scientific explanations, 
immediate comprehension was significantly less than for the corres- 
ponding control groups. No significant differences were observed 
between treatment and control groups for the other thirty-three 
treatment groups. Furthermore, a numerical trend was apparent in the 
data when the criterion score means for analogies containing argument 
rank three scientific explanations and analogies containing argument 
rank six scientific explanations were compared with their respective 
control group criterion score means. In the case of analogies in 
which argument rank three scientific explanations were employed, the 
criterion score means appeared to favour increased comprehension 

over that obtained by the respective control groups. However, in 

the case of analogies in which argument rank six scientific explana- 
tions were employed, the criterion score means for treatment groups 
in which the primary fields of the analogy were read at the same 
sitting as the scientific explanation appeared to favour the respective 
control groups while criterion score means for treatment groups which 
were administered the primary field two days previous to reading the 
scientific explanation indicated that the primary fields had little 
or no effect on the comprehension of the scientific discourse. The 
results of the present study indicate that the presence of an analogy 
in a scientific explanation tends to increase comprehension of 
shorter scientific explanations and decrease comprehension of longer 
scientific explanations when the primary field of the analogy is 


administered at the same time as the scientific explanation. 
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Since comprehension of the longer scientific arguments appeared 
to be decreased when the primary field of the analogy was administered 
at the same time as the scientific explanation, it appears that the 
presence of the primary field increases the information load rather than 
decreasing it. 

The results of the present experiment indicated that immediate 
comprehension was significantly decreased in the case of the Phase 
Change argument rank six scientific explanation for the "Pre" format 
at both grade levels and for the "SxS" format at the eighth grade level. 
Since the significant decrease in comprehension occurred for the Phase 
Change argument rank six scientific explanation but no comparable 
Significant decrease in comprehension was observed for the Phase Change 
argument rank three scientific explanation, it appears that the effect 
which the use of a verbal analogy in a scientific explanation has on 
immediate comprehension of the scientific explanation is not indepencent 
of the length of the scientific explanation for the Phase change 
cODTC. 

It would appear that the lack of independence of the length of 
the scientific explanation may be a function of the students background 
knowledge of the topic. An examination of the subjects’ background 
revealed that they might be more familiar with the concepts 
involved in the Phase Change passage than with those included in the 
Compression or Diffusion passages. It appears that the presence of 
the primary field in the "Pre" format at both.-grade levels and the "SxS" 


format at the eighth grade level resulted in decreased comprehension 
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of the topic which the subjects would ordinarily comprehend best. This 
may indicate that when the primary field was placed in these formats 

for the more complex arguments, the presence of the primary field re- 
Sulted in confusion on the part of subjects being tested. Since, in 

the case of the "Pre" format, subjects would encounter the primary field 
before being aware of the subject matter it is related to, the primary 
field may result in confusing the subjects rather than aiding them since 
the topic would ordinarily be relatively well understood without the 
presence of the primary field. If chi S) SUDPOSIEION aS Correct ian 
would appear that for relatively complex scientific explanations with 
which the subject is already somewhat familiar, the placement of the 
primary field in the "Pre" or "SxS" format will hinder immediate compre- 


hension of the subject matter. 


4. Is the effect which the use of a verbal analogy has on immediate 
comprehension of the scientific explanation independent on the 


grade level of the subject being tested? 


At both grade levels the Criterion Score means of the "Pre" 
format for the Phase Change scientific explanation (argument rank six) 
were significantly less than the corresponding control group criterion 
score means and at the eighth grade the criterion score of "SxS" format 


for the same scientific explanation was significantly lower than the 
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corresponding control group criterion score mean. No other signifi- 
cant differences were observed between treatment and control group 
means at either grade level. Since the pattern of significant differ- 
ences between treatment and control groups were identical except for 
the "SxS" format mean at the eighth grade level, it appears that the 
effect which a verbal analogy has on comprehension of a scientific 
explanation is relatively independent of the grade level of the 

subject tested. 

Since the work of Orlando (1971) and Lunzer (1970) indicated 
that the ability to understand abstract analogies was related to the 
equilibration of Piaget's Stage of Formal operations, it was hypothesized 
that the presence of an analogy in a scientific explanation would aid 
comprehension of tenth grade subjects more than it would aid the 
comprehension of the eighth grade subjects since tenth grade subjects 
are near the age of equilibration of formal operations whereas 
eighth grade subjects are nearer the beginning of the onset of formal 
Operations. An analysis of the results of the present experiment does 
not substantiate this hypothesis. However, an analysis of the analogy 
test scores at the two grade levels indicated that sixty-five percent 
of the tenth grade subjects met the criterion level for understanding 
the analogy while only twenty-nine percent of the eighth grade 
subjects met this same criterion (see Table 15). This finding appears 
to substantiate the findings of Orlando (1971) and Lunzer (1970) that 


the ability to understand an analogy increases as the subjects approach 


equilibration of formal operations. 
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TABLE 15 


Percentage of Students Passing Criterion Level for Analogy Tests 


GRADE 8 
Rank 3 
Criterion >4* 
Phase Change 43.3 
Compression | 3055 
Diffusion Was) 


Mean 28.9 


= aaa 


Criterion 
Phase Change 
Compression 


Diffusion 


Mean 


The criterion level for understanding the analogies was set at an 
analogy test score of greater than or equal to four and greater than 
or equal to six for argument rank three and argument rank six 
scientific explanations, respectively. 
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It may be noted that while most tenth grade subjects 
appeared to understand the analogy whereas most eighth grade subjects 
did not, the presence of the analogy did not aid the tenth grade 
students in their comprehension of the scientific explanation. This 
finding may indicate that immediate comprehension of the scientific 
explanation is independent of whether or not the analogy is understood. 
An analysis of the control group mean scores for the Compression and 
Diffusion argument rank six scientific explanations (see Table 15) 
indicates that eighth grade students also had a much more difficult 
time in understanding the scientific discourses. It may be that 
since the relations among the elements of the primary field of the 
analogy are the same as the relations among the elements of the 
scientific explanation, then those subjects who do not understand the 
relations of the scientific explanation can not understand them in 
the primary field of the analogy either since these subjects do not 
have these relations in their cognitive structure to match the 
relations in the scientific explanation or in the primary field of the 
analogy. If this is the case, then the use of an analogy ina 
scientific explanation would be of little value in aiding the student 
in understanding new learning material. Since the set of relations 
in the primary fields were isomorphic to the set of relations in 
the scientific explanations in the present study, it may be that 
subjects were unable to understand some of the relational concepts in 
the primary field and, therefore, were unable to transfer them to the 


scientific explanation, 
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SUMMARY OF RESULTS OF EXPERIMENT I 


The design of this experiment involved the testing of the major 
hypothesis in twelve 2x7 (sex x format) factorial designs and four 
associated questions. 

The major hypothesis was rejected in two cases but was not 
rejected in the other ten cases. The two cases in which the major 
hypothesis was rejected involved the argument rank six Phase Change 
scientific explanation. At the tenth grade level the "Pre" format mean 
was significantly less than the six other format means. At the eighth 
grade HEVE! the "Pre" and "SxS" format means were significantly less 
than the "control" group mean. No significant sex differences or sex 
x treatment interactions were observed. The results of the testing 


of the major hypothesis in Experiment I indicated: 


1. the effect which the use of a concrete or conceptual verbal 
analogy in a scientific explanation has on immediate com- 
prehension is independent of the sex of the subjects, 

2. the use of a concrete or conceptual verbal analogy ina 
scientific explanation does not increase immediate 
comprehension of the scientific explanation in any of 
the six formats employed. 

3. no one of the formats employed either increased or decreased 
immediate comprehension when a difference in sex is 


considered. 
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The results of this experiment supported the hypothesis that 


the use of a verbal analogy ina relatively short scientific explana- 


tion would have no significant effect on immediate comprehension. 


However, they did not support the hypothesis that the use of an analogy 


in a longer, more complex scientific explanation would increase 


immediate comprehension of the scientific explanation. 


An analysis of the four associated questions indicated that the 


effect which the use of verbal analogies in a scientific explanation 


has on immediate comprehension is: 


Le 


independent of the type of verbal analogy used since 

in no case was a Significant difference observed 

between the criterion means of the concrete verbal 

analogy and the conceptual verbal analogy. 

dependent on the topic of the scientific explanation; three 
of seventy-two cell means were significantly less than 

the control group means. These three cases all 

involved cells of the argument rank six Phase Change 
analogy as indicated above. 

dependent on the length of the scientific explanation 

Since the three cells noted above which were significantly 
less than the control group means occurred with the rank 
Six argument but not with the rank three argument. 
generally independent of the grade level of the subject except 
that the "SxS" format cell mean was significantly less 

than the control group mean for the argument rank six Phase 


Change analogy at the eighth grade level. 
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The anomalous results of the "Pre" format at the eighth and 
tenth grade levels and the "SxS" format at the eighth grade level for 
the argument rank six Phase Change scientific explanation appear to 


be the result of a topic x argument length x format interaction. 


DISCUSSION OF RESULTS 


Validity of Criterion Test 


It should be noted that eighth grade subjects scored signifi- 
cantly lower on all criterion tests than tenth grade subjects. (See 
Table 16). Tenth grade subjects were tested after they had had the 
better part of a school year, in the ninth grade, studying qualitatively 
some aspects of the Kinetic Molecular Theory and were just about to 
engage in a quantitative study of some aspects of the theory. On the 
other hand, eighth grade subjects were tested at the end of the eighth 
grade just prior to a qualitative study of the Kinetic Theory in the 
ninth grade. These students had had very little formal study about 
the Kinetic Molecular Theory. The criterion score means obtained in 
this experiment are, therefore, congruent with expectations. This 
congruence tends to lend some credence to the vaiidity of the criter- 
ion tests in measuring an understanding of the content of the 


scientific explanations. 
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TABLE 16 


Control Group Mean Scores at Different Grade Levels 


PASSAGE 


Compression 


Diffusion 
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Sex Differences 


It was hypothesized that there is no significant difference in 
immediate comprehension between male and female subjects when a verbal 
analogy is employed in a scientific explanation or when the scientific 
explanation is presented without the use of a verbal analogy. 

In none of the twelve cases was a significant sex difference observed 
Therefore, the hypothesis was confirmed by the results of the present 
experiment. This result is in concert with the results of Dowell's 
(1968) study in which he employed visual analogies. While the results 
of Dowell's study and the results of Pilot Study I indicated that females 
tend to score higher on comprehension than males when an analogy is 
used in a scientific explanation, no such trend was found in the present 
experiment. In fact, in the present experiment, the opposite trend was 
noted since in nine of the twelve cases the means for males were 
numerically greater than the means for females. On the basis of 
Dowell's (1968) study, Pilot Study I, and the present experiment, it 
appears that no significant sex difference exists in immediate compre- 
hension of a scientific explanation whether or not a visual analogy 


or a verbal analogy is employed in the scientific explanation. 


Format Main Effect 


The results of this experiment do not confirm the hypothesis 
that the format in which the scientific explanation and its respective 
primary analogical field are presented to the learner has a measurable 


effect on immediate comprehension, except for the "Pre" format for 
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Phase Change argument rank six at the tenth grade level and the "Pre" 
and "SxS" formats for the Phase Change argument rank six analogy at 
the eighth grade level where these formats resulted in significantly 
lower comprehension scores than the control groups. Whereas Rothkopf 
(1966) found that subjects who were given instructions to read the 
passage carefully scored significantly higher on a general test than 
the control group who were given the passage to read without such 
Specific instructions, the use of a verbal analogy in the scientific 
explanation accompanied by instructions to relate the secondary field 
to the primary field in the present experiment did not indicate any 
such increase in general comprehension. In other words, the use of a 
verbal analogy does not appear to act as an "orienting direction" or 
focusing device in the same way as Rothkopf's verbal instructions. In 
fact, for the argument rank six Phase Change scientific explanation 
means for the "Pre" format at the tenth grade level and the "Pre" and 
"SxS" formats at the eighth grade level were significantly less than 
the corresponding control group means. 

When Rothkopf (1966) placed test questions after the content 
to which they refer, subjects scored significantly higher on general 
test questions than subjects who were given these test questions 
before the content and those subjects who were not given any questions. 
In the present study, the placement of the primary field of a concrete 
verbal analogy after the scientific explanation did not significantly 
increase immediate comprehension of the scientific explanation, and 


the placement of the primary field of the analogy before the 
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scientific explanation decreased immediate comprehension in two 

cases and appeared to be detrimental to immediate comprehension in 
three of the four other cases with rank six arguments. On the basis 
of these observations it appears that the placement of the primary 
field of a concrete verbal analogy before and after the scientific 
explanation appeared to result in a similar pattern of comprehension 
as the placement of test questions,in that placing the primary field 
before scientific explanation was the less preferable of the two 
formats in terms of comprehension. However, placing the primary field 
after the scientific explanation did not increase immediate compre- 
hension as did Rothkopf's test questions. Since none of the "Pre", 
"Post", Within" or "SxS" formats employed for the primary field in- 
creased immediate comprehension, it appears that the primary field of 
a concrete verbal analogy does not act as an "orienting direction" 

as do test questions. 

A third class of orienting directions based on the advance 
organizer was also investigated in the present experiment. The 
primary field of concrete and conceptual verbal analogies were presen- 
ted to subjects two days before the scientific explanation was read. 
This format of presentation is parallel to that employed by Ausubel 
(1960) and Ausubel and Fitzgerald (1961). These investigators found 
that if an advance organizer was presented two days before the passage 
was read, subjects scored significantly higher on a comprehension 
test than those subjects who read only the passage itself. In Pilot 


Study IV it was found that those subjects who read the primary field 
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of a concrete verbal analogy two days before reading the apes 
explanation scored significantly higher on immediate comprehension 
than subjects who read only the scientific explanation. In the present 
experiment, no such significant difference was found in immediate 
comprehension between subjects who read either the primary field of 
the concrete verbal analogy or the postulates of the Kinetic Molecular 
Theory two days before reading the scientific explanation and those 
subjects who read only the scientific explanation. On the basis of 
the results obtained in the present experiment, it appears that the 
use of a concrete or conceptual verbal analogy in the advance organizer 
format does not function as an “orienting direction" for general 
comprehension. 
A comparison of the hypothesized order of treatment means for 
concrete verbal analogies indicates: 
1. none of the hypothesized significant differences were 
observed, and 
2. while the hypothesized order was: "Pre" < "Post" < "Within" 
< "SxS" < "Advance Analogy", the actual numerical ranking 
Of means was: “Pre < /SxS" < Post < Within < Advance 


Analogy. 


This numerical ranking indicates that the hypothesized order was 
reasonably accurate except the SxS format was lower in the order than 
predicted and none of the predicted significant differences were 
observed. It may be that the lower-than-predicted position of the 


SxS format in the rank order may have resulted from the fact that 
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Students were given the choice of order in which to read the scien- 
tific explanation and the primary field. This choice may have resulted 
in some confusion on the part of subjects in making the decision as to 
which order to read the two fields of the analogy. The position of the 
Advance Analogy treatment in the rank order is as predicted and the 
Advance KMT was above that of the Advance Analogy in the rank order. 

Since the results of the present experiment indicate that the 
presence of a primary field of a verbal analogy does not increase 
immediate comprehension over that obtained when the scientific explana- 
tion is presented alone, it appears that the primary field of a verbal 
analogy does not serve as an adequate subsumer for the scientific 
explanations. In fact it appears that in some cases the presence of 
the primary field appears to confuse the learner. This finding may 
result from the primary field increasing the information load when 
both it and the scientific explanation are required to be read. This 
hypothesis is pursued further in Experiment II where a primary field 
is presented by teacher demonstration using physical objects rather 
than through the written word. 

The finding that seventy-nine percent of the subjects in Pilot 
Study III reported that they felt that the presence of the primary 
field of a verbal analogy aided them in understanding the scientific 
explanation even though the results of the experiment indicated that 
it did not appear to aid their immediate comprehension may indicate 
that the presence of a primary field serves some function other than 
increasing understanding and the subjects were unable to distinguish 


between that function and that of increasing understanding. 
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EXPERIMENT II - PHYSICAL ANALOGIES 


Since the results of Experiment I indicated that the use of 
verbal analogies in a scientific explanation did not aid immediate 
comprehension of the scientific explanations, the present experiment 
was designed to determine whether the use of physical analogies in 
scientific explanations aid immediate comprehension of the scientific 
explanations. For this purpose, physical simulations for the argument 
rank six Compression and Diffusion scientific explanations used in 
Experiment I were constructed and demonstrated to experimental subjects 
immediately before they read the corresponding scientific explanation 
and responded to the criterion test. Control group subjects read 
only the scientific explanation and then responded to the criterion 


ceSE. 


RESULTS 


The null hypothesis tested in this experiment was: there is no 
significant difference in criterion score means between the treatment 
group (physical analogy) and the control group (scientific explanation 
only). This hypothesis was tested in each of the two cases (Compression 
and Diffusion) using a one-tailed t-test with the level of significance 


set at 0.05. The results are presented in Tables 17 and 18. 


at 
te aatr One sett | Hobenten! I dplautrsqx? Yo 2ttuze ae 
r - 
ai sitrrasato2 Pa] got hgh 


as arbatme bis jon ti NOTIN 
as 
Ina? aqxs INs2979 say, il 


= i} led 
vor 02 


7 


nt astonlens leotevde * 


it toa ‘egetbenmt bis +t . 


7 ot a a 
ae yseoqrg 2b 1 2 01 boils ol 


sft FiHtalj2 oi 


tnatepin S43 ot |enots stint 


7 
nr {ya2u 2nares fg | gxS 4 


ioe mofeuttio brs a 
araotdue Ininamrmacna 9 haderperomst brs be! ourtenad s190— 
nokTenalaxd ory tinstae eaten pane siz bas yeas sxored vf 

feises 


bso, 2taeidue quoiw ter x teee ootxetty att, blog 
norisa tao sao 2 a bag ott aneiqxs siNianefae 


>) 
on 27 S4ats s20y Insint 394 ¢ 


andy ab bad 293 stat tis aT 


igen Hotweitis nt a tf at 


$nantasns atid ost anes 


nortansiaxs . a for WD eas bns (yo! sn 5 Isat (fig 


Pe 
, 


: 


_ 
’ 


7 motezarqne)) 2269 OWT ots 
; ET Fo. aval sit 


T rR | at bsteos 26 otze dsoqut 2hiT nT 
ang - “+ aint ad a: nteu (ne au" 
ee | 


/ 


~~ 


176 


TABLE 17 


Summary of t-Test Results for Physical Analogy with 
Compression, Scientific Explanation 


Treatment Group: 
Simulation Plus 
Screntitic 
Explanation 


Control Group: 
Scientific 
Explanation 
. Only 


(N= 22) (N= 21) 


Criterion Mean 


Variance Voe5 


t-=407 56m. =0205) 


F-Test for Homogeniety of Variance 


F = 1.22 p = 0.66 
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TABLE 18 


Summary of t-Test Results for Physical Analogy with 
Diffusion Scientific Explanation 


a 


Treatment Group 
Simulation Plus 
Scientific 
Explanation 


(N = 33) 


Control Group: 
SClenti tic 
Explanation 

Only 


(N = 24) 


Criterion Mean 


Variance 


t = 1.85 (p < 0.05) 


F-Test for Homogeniety of Variance 
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For the Compression scientific explanation a t-value of 0.56 
was obtained. This value is associated with a critical t-value of 
1.68. Therefore, the null hypothesis was not rejected. 

For the Diffusion scientific explanation a t-value of 1.85 
was obtained. This value is associated with a critical t-value of 


1.68. Therefore, the null hypothesis was rejected. 


“DISCUSSION OF RESULTS 


The results of this experiment indicate that the use of a physical 
analogy in the Diffusion scientific explanation significantly increased 
immediate comprehension of that scientific explanation. However, while 
the treatment group mean for the Compression was numerically greater 
for the treatment group, it was not significantly greater. 

It would appear that with certain scientific explanations 
accompanied by certain primary fields employing a physical simulation, 
immediate comprehension is increased significantly over that obtained 
when no simulation is employed in the explanation. 

It was argued in Chapter II that the use of an analogy ina 
complex scientific explanation may aid the learner in ordering the 
elements and relations of the scientific explanation. Results of 
Experiment I indicated that the use of concrete and conceptual verbal 


analogies did not aid immediate comprehension of the Diffusion 
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scientific explanation whereas in the present experiment it appears 
that the use of a physical analogy did aid immediate comprehension of 
that explanation. Since no comparable increase was observed for the 
Compression scientific explanation in whicha physical analogy was 
employed, there appears to be an interaction between the topic of the 
explanation and the type of analogy employed in the explanation when 
immediate comprehension is the criterion. A comparison of the com- 
plexity of the two scientific explanations reveals a possible 
explanation for this interaction. The Diffusion Sera te Seer iar 
involves three different kinds of molecules: light and heavy molecules 
of the gas mixture and air molecules (no distinction was made between 
the different molecules of which it is composed). On the other hand, 
the Compression scientific explanation involves only one kind of 
molecule. Hence, in reading the Diffusion explanation, the relative 
positions of the molecules of three gases must be kept in mind. In 
the case of the Compression explanation the relative positions of 
only one kind of molecule must be kept in mind. Furthermore, the 
rate of change of position of molecules in the Compression explanation 
is implied to be uniform whereas the rate of change of position of 
the molecules in the Diffusion explanation is different for different 
molecules. Also, in the Diffusion explanation, the relationship 
between the velocities of the two kinds of molecules and their 
respective masses is an inverse proportion whereas in the Compression 


explanation, the closeness of the molecules of the gas and the pressure 
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on the gas is a direct proportion. Since experience indicates that 
inverse proportionality is usually more difficult for students to 
comprehend than direct proportionality, it appears that the relation- 
ship involved in molecular movement in the Diffusion explanation is 
more complex than that of the Compression explanation. Furthermore, 
the Diffusion explanation involves multiple repetitions of the 
Diffusion process whereas the Compression explanation involves the 
compression process only once. Since the Diffusion explanation 
appears to involve greater complexity than the Compression explanation 
in terms of the number of different kinds of molecules to be considered, 
the rate of change of molecular position, the types of relationships 
involved in the processes, and the number of repetitions of the 
processes, subjects may require a visual physical model to order the 
elements and relations of the Diffusion explanation. On the other 
hand in the less complex Compression explanation the level of com- 
plexity of the elements and relations may not be great enough for the 
subjects to require such a model to order the elements and relations 
of the explanation. Since immediate comprehension was enhanced by 
the use of a physical analogy in the case of the Diffusion explanation 
but not in the case of the Compression explanation and the Diffusion 
explanation appears to be more complex than the compression explanation, 
it appears that the differential effect of the use of a physical 
analogy with different scientific explanations may be a result of 


differences in the complexity of scientific explanations. 
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The other variable which must be considered in rationalizing 
the different findings of the Compression and Diffusion passages is 
the nature of the primary fields. It may be that the primary field of 
the Diffusion analogy was in some way superior to that of the 
Compression analogy. Since no empirical research can be found indi- 
cating the variables involved in establishing the quality of a primary 
field, the question of the quality of the primary fields remains an 
Open question. However, the two primary fields were equated in that 
they both were singular, strong, qualitative, concrete, physical 
analogies. 

The finding that immediate comprehension of the Diffusion 
scientific explanation was not enhanced by the use of a conceptual 
verbal or a concrete verbal analogy in Experiment I may be a result of 
the inability of subjects to translate the written symbols of the 
verbally presented primary field into an ordered visualizable model 
through which the elements and relations of the Diffusion argument 
could be ordered. On the other hand, when a physical model was 
presented directly, the requirement of translating written symbols to 
a visualizable model was by-passed and immediate comprehension of this 
relatively complex scientific explanation was facilitated. This 
hypothesis is somewhat substantiated by the results of Pilot Study I 
in which a complex scientific explanation was presented using a 
physical analogy with one group and a verbal analogy with another. 

The group which was presented with the physical analogy scored 


Significantly higher on immediate comprehension than the group 
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which was presented with the verbal analogy. Furthermore, Talley 
(1973) found that subjects who manipulated physical molecular models 
scored significantly higher on a content test than subjects who were 
presented the same subject material verbally. It, therefore, appears 
that the use of a physical analogy may be superior to the use of a 
verbal analogy to increase comprehension of a scientific explanation. 
From a theoretical viewpoint, it appears that the primary field 
of a physical analogy serves the function of an appropriate subsumer 
for increasing immediate comprehension of a scientific explanation 
which is relatively complex in terms of the number of elements to 


be ordered and the nature of the relations between the elements. 


EXPERIMENT III - EXTENDED VERBAL ANALOGY 


Since the results of Experiment I indicated that the use of 
verbal analogies in relatively short scientific explanations (less 
than three hundred words) did not aid immediate comprehension of those 
Scientific explanations, Experiment III was designed to determine 
whether the use of a verbal analogy ina longer scientific explana- 
tion aids comprehension of a longer scientific explanation. For 
this purpose a scientific explanation concerning the classification 
of matter and chemical change and an associated primary field of 


a conceptual verbal analogy were written and a criterion test was 


otw etostdue 


pur a 


anew ctw erasidie inate "pwo soigih os win 
evesnge «sachet ae y Totset en »satdua “sma 
6 tor sey afd gt or = pol srs sagen 7 
nea stent eerie intensitavane2 scestant of ypotens Msc 


Bt \Intoowsty isorgsroadt: 8 may? 
wr odd eovise voofsnse 62 nude 


bist? Pe Ll Yadt 2 


apmuzdue aneingowgs a8 o | 
# pitanntsga0s a3 stbommt °pr ‘aggtont oto? yi 


rors soni gKs “ort Mnetae, 


ar ante? nt xsi qmog eenielobalt (ott 


og 2inathata Yo aan 
| : 4 


,etnemets silt) nsenrat gefhy oft to suden ong bns-b 
a .¢ yy 
BY _ > Fue ' 


it? ‘ a) , Lejise 

a fa 

vac sbi snepay e307 5 ~ [1D THIMTARI oO 
ae 


tar ‘ad 
4o s2u sii, deny baveoeOnt I Miawtweqxd to et Tues end sont 
‘ 
225) ) ends ena lgx. pers ‘syoe ulevisslar at astpolsas ft 


bie von bib (2bv0w betbaud 


‘azort Vo mofansrissiqnigd 
_ + va a oe 
Sitmesab of bangtespr 2ew 


mr 
bor 


tr tram) wq43 .2notsensique ah 
mt yietsns [adyy 6 to sent . 
fez epn0i 5 30 notensd 
| ott tineto 


: ) sete Tgxs. een” 


‘one 


183 


constructed to measure comprehension of the scientific explanation. 
Treatment group subjects (selected on a random basis) read the scientific 
explanation and the primary field, in that order, and control group 
subjects read only the scientific explanation. After each group had 
read their respective passages, they responded immediately to the 
criterion test items. 

The major hypothesis to be tested in this experiment was: 
there is no significant difference in criterion score means between 
the treatment group (verbal analogy) and the control group (scientific 
explanation). This hypothesis was tested using a one-tailed t-test 
with the level of significance set at 0.05. The results are shown 
in Table 19. A t-value of 0.37 was obtained. This value is associated 
with a probability of 0.71 that the difference in means is due to 


sampling error. Therefore, the null hypothesis was not rejected. 


DISCUSSION OF RESULTS 


The results of the present experiment tend to support and extend 
some of the dimensions of Experiments I. The present experiment 
supports the finding in Experiment I that the use of a verbal analogy 
in a scientific explanation does not appear to significantly increase 
immediate comprehension of the scientific explanation over that obtained 
when only the scientific explanation is read. Since the results of 


Experiment I indicated no significant increase in immediate comprehension 
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TABLE 19 


Summary of t-Test Results for Extended Verbal Analogy 
with Classification of Matter Scientific Explanation 


Control Group 
(Discourse Only) 


(N = 40) 


Treatment Group 
(Discourse with Analogy) 


(N = 41) 


Criterion Mean 


Variance 


t= O93 /eat(pe 30705) 


F-Test for Homogeniety of Variance 


F = 1.59 Dee 
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between subjects which read a scientific explanation containing a 
verbal analogy and subjects which read only the scientific explanation 
and the same result was obtained in the present experiment which 
employed a much longer scientific explanation, the present experiment 
extends the findings of Experiment I to longer scientific explanations. 
Furthermore, since Experiment I used two lengths of scientific 
explanation and the present experiment used yet a longer scientific 
explanation and both experiments indicate that comprehension is not 
aided by the presence of a verbal analogy, it appears that the effect, if any, 
which the use of a verbal analogy has on increasing comprehension of 
the scientific explanation may be independent of the length of the 
scientific explanation. The hypothesis that the use of a verbal 
analogy in a scientific explanation functions to decrease the infor- 
mation load by acting as a projective model for the new learning 
material and hence increasing comprehension of the scientific explana- 
tion was not confirmed. 

Whereas the topics of the scientific explanations of Experiment 
I were in each case within the realm of the Kinetic Molecular Theory, 
the topic of the scientific explanation in this experiment dealt with 
the classification of matter and chemical change. The result that 
no significant difference between treatment and control groups emerged 
in this experiment gives support to the general finding in Experiment I 
that the results obtained are independent of the topic of the scientific 
explanations. This statement must be qualified since in Experiment I 


the Phase Change analogy in the "Pre" and "SxS" positions did appear 


to interact with the topic of the scientific explanation. 
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In Experiment I the logical form of the discourse was limited 
to that of a hypothetical syllogism whereas in the discourse in 
Experiment III the general form was that of a classificatory system. 
The result that similar outcomes were obtained in both cases lends some 
generality to the findings under different types of argument form. 

Probably one of the more significant variables which was 
checked out in Experiment III was that of the timing of the the pre- 
sentation in terms of student background. The subjects involved in 
Experiment III were very carefully prepared in terms of their back- 
ground knowledge so that the next topic to be taught in the sequential 
development of their science program was the classification of matter. 
At this point the experiment was administered to the subjects. Again, 
as in Experiment I, no significant difference was obtained between 
the experimental and control groups. These findings indicate that 
the no-significant-difference results obtained appear to be somewhat 
independent of student readiness to receive the content, except as 
indicated earlier, for the Phase Change explanation with the primary 


field in the "Pre" position. 
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CHAPTER V 


SUMMARY, IMPLICATIONS, AND SUGGESTIONS FOR FURTHER RESEARCH 


SUMMARY 


The purpose of this study was to determine whether the use of 
particular types of verbal analogy and a particular type of physical 
analogy in a written scientific explanation has a measurable effect 
upon the learner's immediate comprehension of the explanation when it 
is read. 

The present study consisted of three separate experiments which 
will be summarized in turn. Then an over-all summary dealing with 


the major parameters of the study is presented. 


EXPERIMENT I - VERBAL ANALOGIES 


A sample consisting of 1,258 tenth grade students and 814 
eighth grade students was employed. 

Three different physical phenomena were chosen as the content 
of six scientific explanations: liquid-vapour equilibrium in a closed 
system (Phase Change) compression of a gas (Compression), and diffusion 
of a mixture of gases (Diffusion). For each phenomenon two explana- 


tions based on the Kinetic Molecular Theory were written: one short 
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(approximately one hundred and fifty words) and one relatively longer 
(approximately three hundred words). For each of the six scientific 
explanations, a primary field of a concrete verbal analogy and the 
postulates of the Kinetic Molecular Theory were written. Seven treat- 
ments were then constructed for each of the six scientific explanations 
as follows: 

1. five treatments were generated by placing the primary field 
in five different positions with respect to the scientific 
explanation, so that subjects would read the primary field 
and scientific explanation in one of five different 
sequences: 

(i) The primary field was read immediately before the 
scientific explanation was read (Pre). 

(ii) The primary field was read immediately after the 
scientific explanation was read (Post). 

(iii) A paragraph of the scientific explanation was read 
followed by the corresponding paragraph of the 
primary field (Within). 

(iv) The sequence in which the primary field and scientific 
explanation were read was left to the choice of the 
reader by placing the primary field to the right of 
the scientific explanation on a two column page (SxS). 

(v) The primary field was read two days before the scien- 


tific explanation was read (Adv. Anal.). 


bfart. vrnmig sito ont 
: AL hi ant ot 4 
pfatt vba aiid 7: 2 
Ins TTL : , 


znoitivoq tnawetthh svit ah, : 
] Soot eue dad 02 aidebibick tn 
iO Pi notdonsiqxs 2} tent oe we, ea 
somneunee 


| | - 
giv sited vias abana ea zeny b fat? eee, edt ' f : 7 
; a9) te 20 « adismnsiqxe 2FVFSastse\ a 7 a ithe is 


orld rot ts Vip ORDE een wiatt wxemiag aT pate! 7) : 
sal " nots ensigns ot ttineto2 ’ =," 
bso enw nOhsonee ; Wetoe os to dgevpsisq A — vy 


ais Yo gesvi02 a!? vd bewot fot 7 


an iwi tw) bier? yiemtyq 
| seg dotiw ni sonsupee oT (vt) 


189 


2. a sixth treatment was generated by having subjects 
read the postulates of the Kinetic Molecular Theory 
two days before the scientific explanation was read 
(Adv. KMT). 

3. in the seventh treatment, subjects read only the 


scientific explanations (Control). 


In treatments 1-5, after subjects had read the analogy, they 
responded to the analogy test and the criterion test designed to meas- 
ure their understanding of the analogy and scientific explanation, 
respectively. Subjects in the sixth and seventh treatments, after 
completing the reading required, responded to the criterion test 
only. 

| Since the above procedure was employed for each of the six 
scientific explanations, forty-two different treatments (six 
explanations x seven treatments per explanation) were generated. Each 
of the forty-two treatments was compiled into two identical booklets, 
one for males and one for females. One set of the forty-two treatments 
was administered on a random basis to males, while the other set was 
administered ona random basis to females. 

The results of the criterion test scores were analyzed using 
Six analysis of variance designs. 

The procedure outlined above was carried out at two different 


grade levels: eight and ten. Hence, this experiment consisted of 
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eighty-four treatment cells. Some modifications were made in the 
random distribution of treatments at the eighth grade level as requested 
by the schools' administration. 

The hypothesis tested and four associated questions examined 


along with a summary of the results follows. 


Hypothesis 


The hypothesis tested was: there is no significant difference 
in criterion score means between sexes or among formats and there is 
no significant sex x format interaction effect. The results associated 


with this hypothesis were as follows. 


Sex main effect. In none of the twelve cases (three 
contents x two argument ranks x two grades) was a significant sex main 
effect noted. Ina study by Dowell (1968) in which visual analogies 
were employed and in Pilot Study I in which verbal and physical 
analogies were employed there were indications that females tend to 
score higher on comprehension than males when an analogy is used in 
a scientific explanation. No such trend was observed in the present 
experiment. In fact, in the present experiment, in nine of the 
twelve cases, the means for males were numerically greater than for 
females. On the basis of the results of Dowell's (1968) study, Pilot 
Study I, and the present experiment, it appears that no sex differ- 


ence exists in comprehension of a scientific explanation whether or 
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not a visual analogy or a verbal analogy is employed in the scientific 
explanation. 

Since no significant sex x format interaction effects were 
noted in any of the twelve cases, it appears that no one of the formats 
employed increases or decreases immediate comprehension when a differ- 


ence in sex is considered. 


Format main effect. In only two of the twelve cases was a 
format main effect observed. They both occurred for the Phase Change 
analogy at the argument rank six level. Further analysis using the 
Newman-Keuls Test for differences among means indicated that at the 
tenth grade level the "Pre" format mean was significantly less than the 
means of the six other formats. At the eighth grade level the "Pre" 
and "SxS" format means were significantly less than the control mean 
but not significantly less than the other format means. Since the 
formats which yielded means significantly lower than the corresponding 
control groups all occurred for the argument rank six Phase Change 
scientific explanation, it appears that there was an interaction among 
format, length of scientific explanation and topic. 

Frase (1970) in summarizing the research on mathemagenic 
behaviours, indicated that one of the classes of mathemagenic 
behaviour is "orienting direction." The present experiment was 
designed to determine whether a verbal analogy could act as an 
"orienting direction" for general comprehension of a scientific 


explanation. For this purpose, the primary field of a verbal analogy 
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was placed in six different positions with respect to each of the six 
scientific explanations. The primary field was placed before, after, 
within and beside the scientific explanation parallel to the form of 
the design of Rothkopf (1966) in which he found that the placement of 
test-like questions before, within, and after the passage had differen- 
tial effects on comprehension of the passage. Also, two kinds of 
primary fields were placed in the advance organizer position to parallel 
the form of the design of Ausubel (1960) and others (Ausubel and 
Fitzgerald, 1961; Ausubel and Youseff, 1963; Grotelueshen and Sjogren, 
1968; Merrill and Stulurow, 1965) in which advance organizers were 
successfully used as an "orienting direction" to increase comprehension. 
Since, in Experiment I, for sixty-nine of the seventy-two cells no 
Significant increase in immediate comprehension of the scientific 
explanation was observed and in the other three cases, a significant 
decrease in comprehension was observed when the means of the scientific 
explanations in which analogies were employed were compared to the 
corresponding control group means, it appears that the verbal analogies 
did not function as an "orienting direction" to increase immediate 
comprehension over that obtained by the control group which read only 
the scientific explanation. 

While the hypothesized order of treatment means was: pre < 
post < within < SxS < advance analogy, the observed order was: Pre < 
SxS < post < within < advance analogy. The numerical ranking indicates 
that the hypothesized order was reasonably accurate except the "SxS" 
format was lower in the order than predicted and none of the predicted 


Significant differences were observed. 
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It was concluded on the basis of the results of this experiment 
that the null hypothesis was not rejected in ten of the twelve cases 
but was rejected for the argument rank six Phase Change passage at both 


grade levels. 


Associated Questions 


1. Type of Verbal Analogy. 


In the present experiment both concrete and conceptual primary 
fields were employed in the "advance" format (i.e., the primary field 
was read two days before the scientific explanation was read). The 
primary field used in the "Advance Analogy" format employed concrete 
objects as the analogates to be compared with the analogates of the 
scientific explanation while the primary field used in the "Advance KMT" 
format employed conceptual objects (the Kinetic Molecular Theory) as 
the analogates to be compared with the analogates of the scientific 
explanation. Since no significant differences in immediate compre- 
hension were observed between the two kinds of analogies in the twelve 
cases tested, it would appear that the effect which the use of a verbal 
analogy in a scientific explanation has on comprehension of the scien- 
tific explanation is independent of the type of verbal analogy employed 


in this experiment. 
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While Heidbreder (1947) found that concrete concepts were more 
readily comprehended than abstract concepts and Ennis (1965) found that 
concrete concepts were more readily manipulated in problems of 
logic, it appears that there is no significant effect on immediate 
comprehension when concrete objects as opposed to conceptual objects 
are employed as the analogates in the primary field of a verbal 


analogy. 


2. Topic of Scientific Explanation 


Since significant differences were observed between treatment 
group means and control group means for the argument rank six Phase 
Change topic but no significant differences were observed for the 
Comprehension and Diffusion topics, it would appear that the effect 
which the use of a concrete verbal analogy in a scientific explanation 
has on immediate comprehension of a scientific explanation is not 
independent of the topic of the scientific explanation. However, when 
the results for the argument rank three Phase Change passage were 
analyzed, no significant differences were observed. Since significant 


differences were observed for the rank six Phase Change passage but 


none were observed for the argument rank three Phase Change argument, 
and no significant differences were observed for the Compression or 


Diffusion topics, it appears that there may be an interaction between 
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topic and length of scientific explanation when immediate comprehension 


is the criterion. 


3. Length of Scientific Explanation. 


It was argued that the use of a verbal analogy in a relatively 
Short scientific explanation would have little or no effect on immediate 
comprehension of the short scientific explanation since the complexity 
OF the argument is not great enough to require an external model to 
order the elements and relations of the explanation. This argument was 
substantiated by the results of the present experiment since no 
Significant differences were observed between treatment groups which 
were administered analogies and their corresponding control groups 
which were administered argument rank three scientific explanations only. 
However, the hypothesized increase in immediate comprehension for 
treatment groups for which rank six arguments were employed over their 
corresponding control groups was not realized. In fact, in three of 
the thirty-six treatment groups for which verbal analogies were employed 
in longer scientific explanations, immediate comprehension was signifi- 
cantly less than for the corresponding control groups. No significant 
differences were observed between treatment and contro! group for the 
other thirty-three treatment groups. Furthermore, when the means 


for the treatment groups were compared with corresponding control group 
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means, Six means were numerically lower while sixteen were greater and 
two were the same for the shorter scientific explanations. When the 
same comparison was made for the longer scientific explanations nineteen 
means were numerically less, four tere greater and one was the same. 
Hence it appears that the use of a verbal analogy ina scientific 
explanation tended to aid the shorter scientific explanations more 
than the longer ones. It therefore appeared that the presence of the 
primary field ina longer scientific explanation tended to increase 
the information load rather than decrease it. 

Since the results of the experiment indicated a significant 
decrease in immediate comprehension in comparison to the control 
group means for the "Pre" format at both grade levels and the "SxS" 
format at the eighth grade level for the Phase Change topic at the 
argument rank six level but no significant differences were noted for 
the same topic at the shorter argument rank three level, it appears 
that the effect which the use of a verbal analogy ina scientific 
explanation has on immediate comprehension of the scientific explana- 
tion is not independent of the length of the scientific explanation for 
the Phase Change topic. As there were no significant differences 
between treatment group means and control group means for argument 
rank three or argument rank six scientific explanations for the 
Compression and Diffusion topics, it appeared that for these two 
topics the effect which the use of a verbal analogy in the scientific 
explanations has on immediate comprehension is independent of the 


length of these scientific explanations. 
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Since it appeared that subjects were most familiar with the 
Phase Change passage, it appeared that the presence of the primary field 
of an analogy in the "Pre" format at the eighth and tenth grades and 
"SxS" format at the eighth grade level resulted in confusing subjects 
about a topic with which they were somewhat familiar. It may be that 
for relatively complex scientific explanations with which the subject 
is already somewhat familiar, the placement of the primary field in 
the "Pre" or "SxS" format tends to hinder the students immediate compre- 


hension of the subject matter. 


4, Grade Level of Subjects. 


At both grade levels the criterion score means of the "Pre" 
format for the argument rank six Phase Change scientific explanations 
were significantly less than the corresponding control group criterion 
Score means. At the eighth grade the criterion score mean of the 


"SxS" format for the same scientific explanation was significantly lower 


than the control group mean. No other significant differences were 
observed between treatment and control group means at either grade 
level. Since the pattern of significant differences between treatment 
and control groups are identical except for the "SxS" format mean at 


the eighth grade level, it appears that the effect which a verbal 
analogy has on immediate comprehension is relatively independent of 


the grade level of the subjects tested. 
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An analysis of the analogy test scores at the two grade levels 
indicated that sixty-five percent of the tenth grade subjects met the 
criterion level for understanding the analogy while only twenty-nine 
percent of the eighth grade subjects met this same criterion. This 
result appears to substantiate the findings of Orlando (1971) and 
Lunzer (1970) that the ability to understand an analogy increases as 
the subjects approach equilibration of Piaget's stage of format 
Operations. The difference in levels of understanding does, however, 
seem to indicate that immediate comprehension of the scientific 
explanation in which a verbal analogy is employed is independent of 
whether or not the analogy is understood. Since the level of under- 
standing of the analogy appears to also be reflected in the level of 
understanding of the scientific explanations when the two grade levels 
are considered, it may be that if the relations in the scientific 
explanation are not understood, they may not be understood in the 
primary field of the analogy either. If this is a correct inference, 
the use of a verbal analogy would have no effect on increasing compre- 


hension of the scientific explanation. 


EXPERIMENT II - PHYSICAL ANALOGIES 


The sample for this experiment consisted of one hundred 


students enrolled in a ninth grade general science course. 
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Since the results of Experiment I indicated that the use of 
verbal analogies in scientific explanations did not aid immediate 
comprehension of the scientific explanations, Experiment II was de- 
signed to determine whether the use of physical analogies in scientific 
explanations aid immediate comprehension of the scientific explana- 
tions. For this purpose, physical simulations were constructed for 
the argument rank six Compression and Diffusion scientific explanations 
used in Experiment I. Each simulation was then demonstrated to the 
experimenta| group subjects (chosen at random from within classes) 
immediately before they read the corresponding scientific explanation 
and responded to the corresponding criterion test. Control group 
subjects read only the scientific explanation and then responded to 


the corresponding criterion test. 


RESULTS 


The null hypothesis tested in this experiment was: there is no 
Significant difference in criterion score means between the treatment 
group (physical analogy) and the control group (scientific explanation 
analogy). This hypothesis was tested in each of the two cases: 
Compression and Diffusion. For the Compression and Diffusion scientific 
explanations, t-values of 0.56 and 1.85, respectively, were obtained. 
These values are associated with a critical t-value of 1.68. Therefore 
the null hypothesis was rejected for the Diffusion scientific explanation 


but was not rejected for the Compression scientific explanation. 
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The results of this experiment indicated that the use of a 
physical analogy in the Diffusion scientific explanation significantly 
increased immediate comprehension over that obtained by the control 
group, However, no such significant difference was observed in the case 
of the Compression scientific explanation although the treatment group 
mean was numerically greater than the control group mean. 

An analysis of the two scientific explanations revealed that 
the Diffusion scientific explanation appeared to be more complex than 
the Compression scientific explanation in that there were more elements 
involved and the type of relations among the elements were more complex. 
It therefore appears that the use of a physical analogy in a scientific 
explanation may result in increased immediate comprehension when the 
scientific explanation is relatively complex but does not result in 
increased comprehension when the scientific explanation is not complex. 

It was also noted that when these same two scientific 
explanations were accompanied by primary fields of concrete or con- 
ceptual verbal analogies no significant differences were observed 
between treatment and control groups. It therefore appears that there 
may be an interaction between the topic and the type of analogy employed. 
It was hypothesized that this apparent interaction may be a result of 
an interaction between the complexity of the scientific explanation 
and the type of analogy employed. That is, when a physical analogy 
is employed with a relatively complex scientific explanation an increase 


in immediate comprehension over that obtained by the control group is 
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noted whereas no such increase is observed for less complex explanations 
or when a concrete or conceptual analogy is employed. Since Experiment 

II used subjects at the ninth grade level whereas Experiment I used subjects 
at the eighth and tenth grade levels, the above discussion assumes no 

third order interaction involving grade level, type of analogy and 

topic. 

Talley (1973) found that subjects who manipulated physical 
molecular models scored significantly higher on a content test than 
subjects who were taught didactically. On the basis of the results 
of Experiment II, it appears that the use of physical analogies in 
teacher demonstrations may also increase comprehension of relatively 
complex scientific explanations. 

Interpreting the results of Experiment II in terms of Ausubel's 
theory of Meaningful Verbal Learning, it appears that the use of a 
physical simulation previous to presenting a relatively complex 
scientific explanation may incorporate in the cognitive structure an 
appropriate subsumer to increase understanding of the scientific 


explanation. 


EXPERIMENT III - EXTENDED VERBAL ANALOGY 


The results of Experiment I indicated that the use of verbal 
analogies in relatively short scientific explanations (less than 


three hundred words) did not aid immediate comprehension of those 
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scientific explanations. Experiment III was designed to determine 
whether the use of a weak verbal analogy in a longer scientific explana- 
tion (eight hundred and twenty-three words) aids in immediate compre- 
hension of a longer scientific explanation. For this purpose, a 
scientific explanation concerning the classification of matter and 
chemical change and an associated primary field of a conceptual verbal 
analogy were written and a criterion test was constructed to measure 
comprehension of the scientific explanation. The sample for the 
experiment consisted of eighty-one students enrolled in a ninth grade 
general science course. Treatment group subjects (selected on a 
random basis) read the scientific explanation and the primary field, in 
that order, and control group subjects read only the scientific 
explanation. After each group had read their respective passages, 

they responded immediately to the criterion test items. 

The null hypothesis which was tested in this experiment was: 
there is no significant difference in criterion score means between 
the treatment group (conceptual verbal analogy) and the control group 
(scientific explanation only). A t-value of 0.37 was obtained. This 
value is associated with a probability of 0.36 that the difference in 
means is due to sampling error. Therefore, the null hypothesis was 
not rejected. The results of this experiment did not support the 
hypothesis that the use of a conceptual verbal analogy in an extended 
scientific explanation aids in immediate comprehension of the extended 


scientific explanation. 
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The results of Experiment III support the finding in Experiment 
I that the use of a verbal analogy in a scientific explanation does 
not appear to significantly increase immediate comprehension of scientific 
explanation over that obtained when only the scientific explanation is 
read. Since Experiment I employed short scientific explanations of 
approximately one hundred and fifty words and longer ones of approxi- 
mately three hundred words and the present experiment employed a 
scientific explanation of eight hundred and twenty-three words, and 
no significant increase in immediate comprehension was noted in either 
of the two experiments, it appears that the effect which the use of a 
verbal analogy in a scientific explanation has on increasing immediate 
comprehension is independent of the length of the scientific 
explanation. 

Whereas,the topics of the scientific explanations in Experiment 
I were chosen from within the realm of the Kinetic Molecular Theory, 
the topic of the scientific explanation in Experiment III dealt with 
the classification of matter. Since no significant increases in 
immediate comprehension were noted in either case, it appears that the 
effect which the use of a verbal analogy in scientific explanations 
has on increasing immediate comprehension appears to be independent of 
the topic of the scientific explanation. 

Since the readiness of the subjects to receive the information 
in the scientific explanation was carefully developed in Experiment II] 


but no such effort was made in Experiment I, it appears that the effect 
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which the use of a verbal analogy in a scientific explanation has on 
. Increasing immediate comprehension appeared to be independent of the 


readiness of subject to receive the new learning material. 


OVERVIEW SUMMARY 


Surveys of the use of analogy in science and chemistry text 
books (Beller, 1954; Scott, 1964) and the proliferation of physical 
models for the teaching of science coupled with statements by science 
educators (Asimov,1959; Kamenetsii, 1966) indicate a belief on the 
part of science educators that the use of analogy in scientific 
explanations facilitates student comprehension of the explanation. 

The present study was designed to evaluate whether or not this belief 
is substantiated empirically when some selected analogies are used in 
textbook-like presentations or in classroom teacher demonstrations. 

Since the number of different analogies employed in science 
teaching is very large and the nature of them is diverse with respect 
to the type of analogy employed, the substantive sphere in which they 
are employed, the format of presentation, and mode of presentation, 
the present study was, by practical necessity, delimited with respect to 
each of these factors. The number and types of analogies investigated 
in the present study were five selected, singular, strong, qualitative, 
verbal analogies (two conceptual and three concrete) and two selected, 


Singular, strong, qualitative physical analogies. The sample of 
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analogies chosen from within these classes of analogies is limited 

to a very small fraction of those possible. However, the few verbal 
analogies selected were ones that science textbook authors presumably 
believed would increase student comprehension of the associated 
scientific explanation since they had apparently used them for this 
purpose in their books. Furthermore, a panel of practicing teachers 
Shared this belief and also considered all the analogies employed in 
the present study to represent the kinds of analogies used in the 
junior high school chemistry curriculum by teachers and authors for 
the purpose of facilitating understanding. 

As well as delimiting the types of analogies employed in the: 
present study, the substantive sphere in which analogies are used was 
delimited to explanations associated with the Kinetic Molecular Theory and in 
explanations of thé structure of matter and chemical change. These 
substantive spheres were chosen because they both are included in the 
junior high school curricula of Alberta and Britich Columbia and 
Scott (1964) found that the Kinetic Molecular Theory was the topic 
for which authors of chemistry textbooks most frequently invoke the 
use of analogy in their explanations to facilitate understanding. 

In brief, it must be emphasized that this study was designed to 
evaluate in some detail only three very specific subsets of the 
universal set of analogies used in science education and even within 
these sets the sample employed was very limited. 

Therefore, the results of this study are not generalizable beyond 
the specific subset of analogies tested and caution should be exercised 


when generalizing the results to the domain of the specific subsets tested. 
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It should also be emphasized that the present study evaluated the 
effect of the use of some selected analogies which adults perceived 
as facilitating children's understanding of scientific explanations. 

The results of this study are not generalizable to the kinds of 
analogies which children might actually prefer to use in their compre- 
hension processes. However, it should be pointed out that seventy-nine 
percent of the subjects in Pilot Study III did perceive the analogies 
used in the present study as facilitating their comprehension. 

The problem to which this study was directed was: does the use 
of an analogy in a written scientific explanation have a measurable 
effect on the learner's immediate comprehension of the explanation when 
it is read? Within the delimitations and limitations and the limited 
sample of the study the results appear to indicate that, in general, 
ence of a verbal analogy in a scientific explanation does not have 
a measurable effect on the learner's immediate comprehension of the 
scientific explanation when it is read. However, if the primary field 
is in the "Pre" format when either eighth or tenth grade students are 
the subjects or if the primary field is in tne "SxS" format when eighth 
grade students are the subjects, and if the scientific explanation is | 
based on concepts with which subjects are familiar, immediate compre- 
hension is likely to be less than that obtained when only the scientific 
explanation is read. 

On the other hand, when physical analogies are employed in rela- 
tively complex scientific explanations, an increase in immediate compre- 
hension was observed but no significant increase was observed. when .a 


physical analogy was employed in a less complex scientific explanation. 
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On the basis of the result of the three experiments involved 


in the present study it was found that: 


12 


There was no significant difference in immediate compre- 
hension of the scientific explanations between sexes 
whether or not the scientific explanation was accompanied 
by the corresponding primary field of a verbal analogy. 
When the primary field of a verbal analogy was placed 
before, after, within, beside and two days before the 
scientific explanation, the primary field did not 

function as an "orienting direction" to increase immediate 
comprehension of a scientific explanation. 

With the exception of the argument rank six Phase Change 
topic with the primary field in the "Pre" and "SxS" positions, 
the effect which the use of verbal analogies had on immed- 
iate comprehension of the scientific explanation was indepen- 
dent of the topic of the scientific explanation. 

With the exception of the argument rank six Phase Change 
scientific explanation in Experiment I, the effect which 
the use of a verbal analogy has on immediate comprehension 
of a scientific explanation was independent of the length 
of the scientific explanation. 

With the exception of the "SxS" format for the argument 
rank six scientific explanation of Phase Change at the 


eighth grade level, the effect which a verbal analogy has 
on immediate comprehension of a scientific explanation is 


independent on the grade level of the subjects tested. 
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With the exception of the "Pre" format at the eighth and 
tenth grade level and the "SxS" format at the eighth 

grade level for the argument rank six Phase Change 
scientific argument, the effect which a verbal analogy has 
On immediate comprehension of the scientific explanation 

is independent of whether or not the analogy was understood 
by tnessubjects Tor ne “Pre’, “Post. “Within=. oxo end 
"Adv. Anal." formats. 

With the exception of the "Pre" format at the eighth and 
tenth grade level and the "SxS" format at the eighth grade 
level for the argument rank six Phase Change scientific 
explanation, the effect which the use of a verbal analogy 
had on immediate comprehension of the scientific explanation 
appeared to be independent of the readiness of the subject, 
in terms of background information, to receive the scientific 
explanation. 

With the exception of the "Pre" format at the eighth and 
tenth grade level and the "SxS" format at the eighth grade 
level for the argument rank six Phase Change scientific 
explanation, the effect which the use of a verbal analogy has 
on immediate comprehension is independent of the type of 
verbal analogy when the "Advance" format or "Post" format 

is employed. 

When a physical analogy is used in a relatively complex 


scientific argument immediate comprehension of the scientific 
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argument is significantly greater than that obtained when 
only the scientific explanation is read. However, no 
such significant difference was observed when a physical 
analogy was employed in a less complex scientific 


explanation. 


The anomalous results of the "Pre" format at the eighth and 
tenth grade levels and the "SxS" format at the eighth grade level for 
the argument rank six Phase Change scientific explanation appear to be 
a result of the interaction of several variables. A comparison of 
"Pre" format means with their corresponding control group means for 
rank six scientific explanations indicates that in five of six cases 
the "Pre" format mean was numerically less than the control group mean. 
The same comparison for rank three scientific explanations indicates 
only one of six "Pre" format means is less than the corresponding 
control group mean. Hence the "Pre" format appears to depress means 
for rank six scientific explanations but not for rank three scientific 
explanations. Hence, there appears to be an interaction between 
format and argument length. Furthermore, while the "Pre" format means 
for the Compression and Diffusion topics at the rank six argument level 
are numerically less than their control group means, they are not 
Significantly less. Therefore, the topic of the scientific explana- 
tion appears to be a factor in the significantly lower mean of the 
"Pre" format. Hence, it would appear that the significantly lower 
mean for the argument rank six Phase Change scientific explanation 
with the primary field of the verbal analogy in the "Pre" format is a 


result of a format x argument length x topic interaction. 
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A similar examination of the "SxS" format at the eighth grade 
level indicates that in all three argument rank six cases the "SxS" 
format means were numerically less than the corresponding control 
means while at the argument rank three level only one of the three 
"SxS" format means was numerically less than the corresponding control 
means. Hence, there appears to be a format x argument length 
interaction. Furthermore, since no significant differences between 
the "SxS" format means and their control means occurred for the 
Compression and Diffusion topics it appears that the topic of the 
scientific explanation is also a factor. It would appear that 
the significantly lower mean for the argument rank six Phase Change 
explanation with the primary field of the verbal analogy in the "SxS" 
format is a result of a format x argument length x topic x grade 
interaction. 

Some insight onto the cause of these interactions is gained 
by examining the subjects' background in terms of their familiarity 
with concepts in the scientific explanations. An historical examination 
of subjects' backgrounds indicates that they should be more familiar 


with the concepts of the Phase Change scientific explanation than 
with those in the other two topics since the concepts of evaporation 


and condensation are taught at earlier grade levels in the science 
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curriculum while those of Compression and Diffusion are not part of 
the earlier curriculum. It therefore appears that when the concepts 
of the scientific explanation are somewhat familiar to subjects and 
the "Pre" format is employed at the eighth and tenth grade levels 

or in the "SxS" format at the eighth grade level with approximately 
three hundred word scientific explanations, the interaction is likely 
tovoccur. 

It may be that the "Pre" and "SxS" formats result in specific 
learning rather than general comprehension of the scientific explanation 
as Rothkopf found when he placed test questions before a passage to be 
read. Since the concepts of the scientific explanation were already 
somewhat familiar to the subjects and they focused on these specifics 
rather than the overall relationships, their general comprehension was 
actually limited by the "Pre" format coupled with a scientific 
explanation which contained familiar concepts. 

Since it appears that the use of a verbal analogy in at least 
the "Pre" and "SxS" formats with a topic which students are somewhat 
familiar with results in a significant decrease in immediate compre- 
hension and has no effect on the comprehension of topics with which 
the subjects have some background, it may be that for completely new 
learning material the use of an analogy would increase comprehension. 
In other words, there may be an inverse relation between familiarity 
with subject material and comprehension when an analogy is employed 


in a scientific explanation. Completely new learning material was 
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not employed in the present study since the object of this study was 
to attempt to simulate classroom learning conditions where new learning 
is based at least partially on past learning experiences. 

Since it was found that immediate comprehension of a scientific 
explanation is not increased over that attained by the control group 
when a verbal analogy is employed in the scientific explanation, it 
appears that the primary field of a verbal analogy does not serve as 
an adequate subsumer for the scientific explanation. However, since 
it was found that immediate comprehension of a relatively complex 
scientific explanation was significantly increased over that attained 
by the control group, it appears that physical simulations serve to 
establish suitable subsumers in the cognitive structure for relatively 
complex scientific explanations. 

Since seventy-nine percent of the subjects in Pilot Study III 
reported that they felt that the presence of the primary field of a 
verbal analogy did aid them in understanding the scientific 
explanation although the results indicated that it did not appear 
to aid immediate comprehension, it may be that the primary field was 
of assistance to them in some way. It may be that the use of a 
verbal analogy in a scientific explanation acts in a similar manner 
to a catalyst in a chemical reaction. The catalyst acts as an 
intermediary in the reaction but does not change the end-product 
results. In the present study only the end-product of the learning 
experience was measured, However, it may be that the analogy 


facilitated some intermediate stages in the learning process but 
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did not affect the overall comprehension. Since ample time was 
given for subjects to complete the task in Experiments I and III, any 
increase in efficiency of learning in terms of time or expenditure 
of energy would not have been detected. For example, the use of 
analogy in a scientific explanation may facilitate the process of 
assimilation, hence students may feel that they are able to relate the 
material to their cognitive structure. However, if an analogy does 
not also facilitate the accommodation process the analogy will not 
result in an increase in comprehension since it is in the accommodation 
Stage that cognitive structures are changed with the result that new 
learning occurs. 

It should be pointed out that the results of the present study 
are limited to use of singular, qualitative strong analogies in scien- 


tific explanations. Other forms of analogy are yet to be investigated. 


IMPLICATIONS FOR SCIENCE TEACHING 


Any implications for science teaching based on the findings 
of the present study should be made with caution. The findings 
concerning immediate comprehension of a scientific explanation are 
limited to the grade levels used in the study, to scientific explana- 
tions related to topics in chemistry which are dealt with at a 


qualitative level, to scientific explanations which are read, and to 


Singular, qualitative, strong verbal and physical analogies. 
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On the basis of the results of the present study it would 
appear that the belief that science educators have that the use of a 
verbal or a physical analogy in a scientific explanation increases 
comprehension of the scientific explanation must be tempered. The 
results of the present study indicate that if an analogy is to be used 
in a scientific explanation by science teachers to increase immediate 
comprehension of the scientific explanation then a physical analogy 
Should be employed rather than a verbal analogy. Furthermore, it 
would appear that use of a physical analogy is not warranted except 
when the scientific explanation is relatively complex. Since in 
no case in the present study was there any indication that the use of 
a verbal analogy in a scientific explanation can increase immediate 
comprehension over that obtained when the scientific explanation 
alone is presented, it appears that the use of a verbal analogy to 
increase immediate comprehension does not appear to be warranted. 
Indeed, when the primary field of a concrete verbal analogy is presen- 
ted to the learner before or beside the scientific explanation a 
Significant decrease in immediate comprehension of the scientific 
explanation may result. It appears that this decrease in comprehen- 
Sion iS most likely to occur if the content of the scientific 
explanation is relatively familiar to the student. 

Since not all types of verbal analogies have been investigated 
in the present study, nothing can be said about the effect of other 
types of verbal analogies on immediate comprehension nor of the 


possibility that the use of a verbal analogy may play a role in 
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learning other than that of effecting comprehension. Since the use of 
verbal analogies in scientific explanations may serve a number of 
functions considered to be impertant in the learning process other than 
that of increasing immediate comprehension, (e.g. increasing motivation, 
increasing interest, increasing the rate of assimilation, and increas- 
ing the rate of learning), the findings of the present study do not 
preclude the use of even the verbal analogies employed in the present 
study from use in the classroom. For instance, in Pilot Study III a 
questionnaire was administered to forty-three tenth grade students 
after they had read verbal analogies similar to those employed in 
Experiment I and had responded to the test items. Seventy-nine per- 
cent of the students indicated that they felt that the presence of 

the primary field helped them to understand the scientific explanation 
better. However, an analysis of the difference in means between the 
groups which read the verbal analogy and tne groups which read only the 
scientific explanation indicated that the latter group mean was signifi- 
cantly greater than that of the former. Since students felt 

that the use of an analogy increases their understanding of 

the scientific explanation, it may be serving some function in the 
learning process other than that of increasing immediate comprehension. 
Bruner, Goodnow and Austin (1956) found that after students had learned 
a new concept they appeared to search for some means whereby they could 
check whether or not they had learned the concept correctly. When a 
student is given an analogy in a new learning task, he has two systems-- 


the primary and secondary--which are structurally similar in that they 
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contain corresponding elements and relationships. The student may 
check his comprehension of the structure of the new learning task by 
comparing point for point the elements and/or relationships of the new 
learning task, as he comprehends them, with those in the primary 
field by mapping the elements and/or relationships from the secondary 
field onto the primary field. While the results of the present study 
indicate that this procedure does not appear to lead to increased 
comprehension, it may be that it satisfies the students’ need for 
an external checking mechanism. 

Perhaps the process of analogizing, outlined above, does not 
lead to increased comprehension because if the student misconstrues 
a relationship in the secondary field he will misconstrue that same 
relationship in the same way in the primary field. Hence, he will 
think the verbal analogy has led him to increased comprehension; 
however, it will have acted only as a checking device wherein errors 
in comprehension are as readily transferred as correct comprehensions. 

If analogies are used in classroom teaching, several limi- 
tations of the use of analogy should be kept in mind. First, argument 
by analogy can not be considered to be a valid basis for forming 
conclusions. The analogy can be used to formulate hypotheses but 
these hypotheses must be subjected to empirical test before any 
validity can be attached to them. If analogies lead to over- 
generalization without empirical check, an error in the valid use of 


- analogy has been committed. Second, if extensive use is made of 
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analogies in which the behavior of inanimate objects is related to 
human traits, the student may begin to attribute human qualities to 
inanimate objects. This anthropomorphic thinking should be avoided 
in teaching young people science since it misrepresents the nature of 
scientific thought. Third, if the teacher employs a verbal analogy 
to increase immediate student comprehension of the new learning 
material, the present study indicates that there may be some question 
as to whether an increase in immediate comprehension is an appropriate 
goal for the use of such analogies. 

If, however, a teacher is to use a verbal analogy in scientific 
explanations for some objective other than increasing immediate 
comprehension but is concerned with the effect such use may have on 
comprehension, then the results of the present study indicate, keeping 
the delimitations and limitations of the present study in mind, that 
he can be guided by the following findings: 

1. There are no sex differences in immediate comprehension 
when a verbal analogy is used in a scientific explanation. 
2. As a cautionary measure, when a verbal analogy is used in 

a scientific explanation which is to be read the primary 

field should not be placed in the "Pre" or "SxS" format 

especially if the content of the scientific explanation 

is somewhat familiar to the learner. 

3. If the topic of the scientific explanation is relatively 
unfamiliar to the learner then the effect which the use 

of a verbal analogy has on immediate comprehension is 


independent of the topic. 
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The effect which a verbal analogy has on comprehension 

is independent of the length of the scientific discourse 
if (2) above is observed. 

The effect which a verbal analogy has on immediate 
comprehension of a scientific explanation is independent 
of the grade level for grades eight and ten except for 

the "SxS" format at the eighth grade level. 

The logical form in which the scientific explanation is 
presented does not appear to be an important factor when 
verbal analogies are used in the scientific explanation 

to effect immediate comprehension. 

The type of analogates employed in the primary field of a 
verbal analogy do not appear to affect immediate compre- 
hension, at least for the "Advance" and "Post" formats. 
Immediate comprehension of the scientific explanation does 
not seem to be affected whether or not students understand 
the relationshios between the primary and secondary field 
of the verbal analogy. 

If an understanding of the relationships between the primary 
and secondary field of a verbal analogy is critical to the 
teacher's purpose, it should be remembered that such under- 
standing appears to be beyond the ability of most eighth 
grade students but within the ability of most tenth grade 


students. 
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While the results of the present study do not indicate that 
the use of verbal analogies in scientific explanations increases 
immediate comprehension of the topics employed in the study, neither 
are there indications that they impede immediate comprehension except 
in three of the seventy-three treatments. The teacher is therefore 
relatively free to use these types of analogies for a number of other 
pedagogical purposes without having to be too concerned that verbal 
analogies will hinder immediate comprehension. For example, it would 
appear to be a desirable objective of science teaching to develop an 
interest in students in seeking out relationships among things. 
Encouraging students to use analogies as in Gordon's Synectics Program 
(1965) may be one way to engage students in thinking about the 
relatedness of things. In this program of creative problem solving-- 
often associated with "think tanks"--the familiar is made strange 
through setting up several kinds of analogies between the problem to 
be solved and some other analogical system. Through analysis of the 
analogical system the problem is often seen in a different light 
than previously and a solution to the problem can be seen. The 
author has found this method of problem solving very useful with high 
school students. 

Another way that analogy may be used in the classroom is 
suggested by Belth (1975). Belth claims that the act of thinking 
1S tne act oF analogizing. “According to Belth, thinking 1s* the 


act of applying a model to a given experience and using the model 
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as a guide to follow the experience through to its logical conclusions 
using the process of analogizing. In this view, if the teacher is 

to teach a student how to think, the teacher must instruct the student 
to use analogies. Furthermore, according to Belth, educating a person 
is to make him aware of the models he is using in his own thought 
processes and those which others have used to arrive at their con- 
clusions. For example, in science the student should be given 
practice in the use of analogy in applying the basic models of science 
such as the Kinetic Molecular Theory to sense experiences. Furthermore, 
the student should be made aware that this theory is a basic model 
which scientists use in their thinking processes to conceptualize 

sense experiences relative to the physical nature of matter. 

In general, the student should be made aware that the common- 
ality of all disciplines lies in the act of constructing and applying 
models, analogies and metaphors for the general purpose of extending 
knowledge and understanding, and the specific purpose of adding to 
the knowledge and understanding of the world of things and ideas 
(Belth 1975:207). 

A third way in which analogy may be used in the school leads 
to the design of a curriculum based on "integrative threads." Moses 
(1973:515) claims we learn by analogy. He claims that our concrete 
experiences become the basic analogies for first order abstractions 
such as concepts and theories. The first order abstractions then 
become the basic analogies for secondorder abstractions which become 


integrative principles for unifying knowledge. The first-order 
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abstractions are the products of the separate disciplines while the 
second-order abstractions are cross-disciplinary principles and concepts 
which are common to most disciplines. The second-order abstractions 
are the essences of our thought processes and may be used as "inte- 
grative threads" to reveal the unity of knowledge among the disciplines. 
These are the types of concepts Bertalanfy (1965) employed in his 
development of the General System Theory and that Piaget has investi- 
gated in his studies of the growth of human knowledge. They are 
concepts such as space, time, system, equilibrium, cycles and inter- 
action. Concepts such as these are viewed as the "hidden analogies" 
Or commonalities among the separate disciplines. They are concepts 
which have power by virtue of their general applicability. Ina 
curriculum based on these "hidden analogies" or integrative threads 
the subject matter is organized in each discipline with these concepts 
as the focal points. In each of the subject areas the student begins 
with concrete realities and from these is led to first-order 
abstractions. These first-order abstractions are then analyzed and 
their essential form is abstracted by analogy to generate the second- 
order concepts. Jones (1969) refers to this kind of curriculum as 
"Logo-Learning." The function of the "integrative threads" is to 
supply powerful unifying centres of thought to the fractionated 
curriculum which exists in many of today's secondary schools. This 
type of curriculum organization is, at present, in operation at the 


Prince of Wales Mini-School in Vancouver, British Columbia. 
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A fourth way analogy may enter into the act of teaching is 
suggested by Pepper's (1966) work on world hypotheses. These world 
hypotheses are "root metaphors" or ways of processing information. 
They are the basic analogical models through which man perceives and 
analyzes nis world. Pepper has identified four world hypotheses: 
formism, mechanism, contextualism and organicism. He claims tnat 
each individual tends to employ one of these four basic ways of 
processing information. The formist tends to perceive a stimulus in 
terms of the class of genetic forms to which it belongs. He concerns 
himself more with the overall structure rather than the parts which 
make the stimulus. The mechanist perceives the stimulus in terms of 
its discrete parts. The contextualist perceives the stimulus in 
terms of its context. He tends to stress the effect of external 
variables in his perceptual pattern. The organicist perceives the 
stimulus in terms of the relationships between the parts of the 
stimulus and between the stimulus and its surroundings. For example, 
consider the stimulus of a blue drinking glass placed on a red 
table. The formist would describe the glass in terms of classes. 
The glass would be perceived as a member of the class of all glass 
objects and all objects used for the purpose of drinking. Brisa 
particular which is a member of many generic forms. The mechanist 
would describe the glass in terms of its gravitational attraction, 
its primary qualities of shape, weight and solidity as opposed to 
its secondary property of colour. The contextualist would perceive 


the blue glass on the red table as a situation which shapes the 
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glass into something it would not be if conditions were altered. If 
the glass were tilted or the lighting altered the "reality" of the 
glass would be changed. If the glass were seen through a microscope 
or chemically analyzed or altogether different "reality" would be 
perceived. In short, reality depends on context. The organicist 
would agree with the contextualist that the variables surrounding the 
glass determine its nature but he would argue for strong inter- 
connectedness between the variables both external and internal. 

In terms of teaching, the teacher must learn to recognize 
which basic analogical model a student employs and initially employ 
that model in communicating with the student. For example, if the 
teachers recognize that an individual operates mainly in a mechanistic 
mode--that is, the student sees reality through the analogy of a 
machine, the teacher, in communicating with the student, could employ 
a mechanistic model in his teaching. In other words, the teacher 
may attempt to match his teaching style to the learning style of the 
student. After initially engaging the student through employing 
a "root metaphor" consonant with the learner's cognitive style, the 
teacher may then attempt to expand the student's outlook by leading 
the student through the viewpoints of others who operate using 
different world hypotheses. Quina (1971:316) hypothesizes that 
this teaching strategy would increase the probability of the follow- 


ing results: 
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1. Whatever the students interest, his range of knowing it 
would be extended and refined. 

2. The process of interdisciplinary study--of connecting 
eae Structures in different fields--would be enhanced. 

3. Bruner's goals of transfer, retention, simplification and 
understanding would be enhanced. 

4, The student would gain proficiency in organizing basic 


knowledge in terms of optional sets of categories. 


The use of world hypotheses in teaching appears to offer a guide- 
line for the individualization of instruction in terms of cognitive 
Styles while at the same time encouraging student growth toward becom- 


ing cognitive strategists. 


FURTHER RESEARCH 


As a result of the present study a number of areas for further 
research were identified which could form the basis for further re- 
search with respect to the use of analogies in teaching. These are 
presented below: 

1. Since the present study did not attempt any generalization 

to other types of analogies, the study could be replicated 

using; 

(a) analogies in which other types of systems are compared 

in the analogies. For example, the commonly used 


analogy between the properties of water and those of 
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current flow in electricity could be examined to 
determine whether the analogy increases comprehension, 
over the presentation of the theory of current flow 
shone. 

(b) quantitative types of analogies. For example, a primary 
field which is ordered by a calculus could be compared 
with a secondary field ordered by qualitative relations 
to determine if the calculus becomes transferred to the 
secondary field, 

(c) different lengths of scientific explanations. For 
example, a chapter of a book could be written employing 
an analogy and also written without the analogy to de- 
termine the effect of the analogy in comprehension of 
the content of the chapter. 

(d) media other than the written word for presenting verbal 
analogies. For example, the scientific explanation 
and its primary field could be presented to experimental 
subjects via the spoken word while only the scientific 
explanation is presented to the control group. Then each 
group would respond to a test to measure immediate 


comprehension. 


Research is required into what constitutes a "good" analogy for 
the use of analogies in teaching new learning material. For 
example, it has been suggested by Belth (1975) that one of 


the properties of a good analogy is that the primary field ought 
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to be derived from some observable realm. A study could be 
designed in which the primary field of an analogy is purely 
conceptual and comprehension of the resulting analogy could 
be compared against the comprehension of an analogy with a 


primary field from some observable realm. 


In the present study the analogies employed were singular ana- 
logies composed of an entire structure of inter-related 
elements which were compared with the system of the secondary 
field . Another study could be designed to determine if it 
is more effective in terms of increasing comprehension to use 
a number of distinctly different primary fields to clarify 


the relations in the secondary field (i.e. multiple analogies). 


The present study investigated only the final outcome of 
immediate comprehension. A similar study could be carried out 
in which comprehension is measured at some intermediate point 
to determine if the presence of an analogy in a scientific 
explanation functions to render learning more efficient. In 
other words, it may be that the use of an analogy ina 
scientific explanation enables the subject to reach his level 
of comprehension in a shorter period of time or with the 
expenditure of less energy. Such an effect may have the 
result that the student feels the subject matter is less 
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Hunt (1961) has suggested that before a child can conserve 
volume he must have acquired the proportionality schema. 
Orlando (1971) has argued that solving abstract verbal analogy 
problems requires the use of the proportionality schema. A 
Study could be carried out in which verformance on conservation 
of volume tasks is correlated with performance on an abstract 
verbal analogy test to give an indication as to the extent 

the two abilities are both dependent on the proportionality 


schema. 


Research needs to be done into evaluating whether or not the 
use Of analogy fulfills some of the other roles which are 
attriputed? to 1 such. .as: 

(a) aiding in generating hypothesis. For example, a 
scientific explanation could be presented alone and 
with an analogy and the number of hypotheses which 
Subjects generate under the two conditions could be 
compared. 

(b) making subject material more interesting. A unit in 
science could be taught with and without analogies 
and an attempt could be made to measure resulting 
differences or changes in interest of the subjects as 
a result of the two treatments. 

(c) focusing the reader's attention. For example, a reading 
passage could be presented to subjects along with the 


primary field of an analogy which is designed to focus 
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the reader's attention on certain aspects of the passage. 
A test could then be designed to determine if the reader 
was more aware of the aspects which were focused on by 


the primary field than other aspects of the passage. 


In the present study, physical analogies significantly increased 
immediate comprehension for what appeared to be a relatively 
complex argument but not for less complex argument. Argument 
complexity should be operationally defined and the point at 
which a physical analogy begins to aid comprehension should be 


investigated. 
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APPENDIX A 
TREATMENTS 


EXPERIMENT | 


The documents related to tnis experiment are presented in the 
following order. 

The first document entitled "Procedure" is the written instruc- 
tions supplied to the test proctor supervising the administration of 
treatments. 

The second document entitled "Instructions" is the test booklet 
instructions which appeared as the first page of each of the test 
booklets. 

The treatments are then presented in the following order for 
each of the six scientific explanations: 

1. Placebo -- Since the same placebo was used for all topics 
and argument ranks it is presented only once. 
2. Postulates of the Kinetic Molecular Theory -- Since this 

same treatment was employed for all topics and argument 

ranks it is presented only once. 

3. The scientific explanation employed in the "Pre," "Post", 

"Advance Analogy" and "Control" treatments. 

4. The primary field employed in the "Pre","Post" and "Advance 


Analogy" treatments. 
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5. The concrete verbal analogy employed in the "Within" 
treatment. 

6. The concrete verbal analogy employed in the "SxS" 
treatment. 

7. Analogy test. 


Sawuricerion, test. 


All argument rank three treatments, analogy tests and criterion 
tests are presented before argument rank six treatments, analogy tests 


and criterion tests. 


EXPERIMENT II 


The scientific explanations and their corresponding criterion 
tests are identical to the argument rank six scientific explanations 
and criterion tests for Compression and Diffusion used in Experiment ]; 
therefore, they are not presented again under Experiment I1. 

The scenarios employed by the researcher in presenting the 


demonstrations are presented under "Scenarios." 


EXPERIMENT III 


The test booklet containing the instructions, scientific 


explanation and primary field are presented. 
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EPAPER I ME NT I 


24] 
PROCEDURE 


Day | 
1. ADVANCED ORGANIZER DAY (2 days before test day) 


Have teacher introduce you to the class. 


"Tam trying to examine some different ways of 
presenting ideas in Science and I would like 
your assistance." 


Hand out shuffled advance organizers. Face Down. 
"Please leave the sheets of paper face-down." 
After everyone has a paper. 


"IT am going to give you 4 minutes to read and study 

the passage on the paper. You will find that there 

is more than ample time. I am giving you this much 
time because I want you to not only read the passage, 
but also to study it and try to form a mental image 

of what is written in the passage. Mull the ideas over 
in your mind and I will come back to give you a test 

on these and some associated ideas. Begin reading 
now." 


Give exactly four minutes. While students are reading, place 2 x 3 
yellow pieces of paper on their desks. At the end of four minutes. 


"Time is up. Would you please stop reading now. While 
you were reading I placed a piece of paper on your desk. 
I would like to get the following information from you: 


1. Name in full 


2. Number of the passage you read--number is top 
right hand corner of sheet if there is one. 
If there is not a number, leave item 2 blank 


3. Name of the passage you read." 
After students finish, have student at the front of each row collect 
the white sheets on the way back and the yellow pieces of paper on 
the way forward. Then say: 
"Think about what you read over the next few days and I 


will come back (day) to give you a test on these 
ideas and some associated ones." 


a => X 
a : 
eo 
5 ay >. 
” 7F 7 ' - — ) er ag 
a) i. 
Qs * " ¥AQ att AADRO ‘GI0NAVOF 
| ry ve 9 aiid oF VOY 9m bovtat -r9to698 
Aa aw Se 7 Ib omoe oniinsxe OF ga (13 ms bs 
; get Bete gonatae nt: 3 ' en * jae 4 
A ” arastnspve says — » $40 pnt 
” swob-a56 a css to 2toorde ot sot a 58 | 7 
: - Lone _ - 
= ocsq 8.260 9n0 ava ISSTA 
. 
an oleh 
ybyde nos beet OF baduntn © W0v avtg oF ontop ins 1" 
sions paid ba wir vied 168 ety no Bs pe 2 ot ot 
wasn 2th ak unt ytD we tT ,anig ; signs. nent Bio : 
vapheend ont bg ino son c2 sox, Sn6W 1 92629 Sigel) 
Spa! q bP ya c : vbute ‘oF 02 tr a 
mS Bia : § 60 | ih Me 2d baw: sh sae 
Peat MON, toe oad omco (itwl oho ag 
» hes BY) ‘atyat et8abi bAtsiogazs smoz BNS = 
aoe : . se 
x S sostg {ghihkot Se eRMEbUse 9) i n\ funtion “uot : ‘9 avie 
aoe i . 
rundm sot Ve bag we i oe atadd oo . vo 9 wor Fax 
i yh aie = zt . DIWON Fa oe 
{tay .won prtie @ Stesiq voy biyow qu 2] emit 


Pm og) Als aX ng. 90 e Srekeic 8 psoslg tl paths S19" voy 
suey wor Norge mes pniwoffot sat Jap oF 3 rb owl ; 
Tut nF. ane [ 
N= bes" =. apez2cq oft Yo Aedmul ” 
dpare - VS109 bast ory 
(isdme 6 jon 2b ovedy Th 


lio, opsze6q afd PO ons sz 


dnshuse aved. stat 2 snabu: 


got zt vedh 
SNO: 2 


inetd. $m ait ‘ave 
7 pr 


; ni cians > 
at , TI@ITOQ wey. Ao68 to wan _ 


mF l9) a 

4. WO WaqeGg Tc 259806 ot tsi St bas ¢ Yew old ite ‘etes az: 
-_ oh 7 - 7 > en 

: . » FAR sigs i 

ie au 7 a. 

‘ iy. on ayab wal 

. Btond ND 2g 


7 H ib. 0: a : dosed : tT 
RAPE sites tt 
- 7 q 


os a 
7 ie beer oy rive ina ui 


bea, [> 6, 
7 


242 


In preparation for the testing day, separate the yellow slips which 

have a number from those that do not (i.e. the "Fable for Tomorrow" 

ones). Attach the slips with a number to the corresponding booklet 
with a paper clip so they can be given out to the correct student on 
the day of testing. Discard the "Fable for Tomorrow" slips. 


Ek RH a 


Day 2 
2. TEST DAY (2 days later) 


Instructions: (takes approximately 10 minutes to explain procedure) 


1. Begin by having two students hand out the booklets to those 
Students who were given the Advanced Organizer Treatment. 
Another student should hand out the answer sheets to every 


student. 


2. After step 1 is complete give a girl the girl's booklets and a 
boy the boy's booklets and ask them to hand out the booklets 


to their own sex members who do not already have booklets. 


3. Have another student pass out HB pencils to those who do not 


already have them. 


4, Remind students not to open the booklets and not to write on the 


answer sheet yet. 


5. After steps 1-4 are completed begin by filling in the answer sheet. 


Have students do each step as you tell them what to do. Do not 
entertain individual questions. Instruct the students as 


follows: 
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"If you have a question concerning something I will 


answer it personally after the others have started the 


test," 


sia) 


Fill in your complete name. Do not use nick- 
names, initials, or contractions please. 


Today's date is 


School: place the name of this school on the 
dotted line. Below the dotted line place the 
name of the elementary school you attended. 


Grade: place your grade and class number in 
this space. (Assign each class in the school a 
number in the order in which they are tested. 
If student is in grade 8 and the first class he 
would write 8-1). Write an example on the 
board. 


Name of Test: place the number in this space 
which appears in the upper right hand corner of 
the cover page of the test booklet. 


Fill in age and blacken space between the lines 
to indicate your sex." 
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INSTRUCTIONS 


Passage Number 


Indicate all your answers on the SPECIAL ANSWER SHEET provided. Use 
an H.B. LEAD PENCIL only. Do not use ink or ball point pens. MAKE 
A HEAVY BLACK MARK TO FILL THE SPACE BETWEEN THE PAIR OF LINES. 


If you change your mind, erase your first mark completely. 
Do not make any stray marks on the answer sheet. 


BLACKEN ONE SPACE ONLY for each question. 


Read the question carefully. Do not spend too much time on any 
One question. 


EXAMPLE: 
(1) All of the following are boys names except: 
a) Jim 
) John 
Jane 
) Jack 
) Wert Sample Answer: 
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For each question darken the space corresponding to the word or phrase 


which Best answers the question or Best completes the sentence. 


There is no penalty for guessing, so answer all questions. 
Use PART 2 of the Answer Sheet for Analogy Test answers. 
Use PART 1 of the Answer Sheet for Passage Test answers. 


DO NOT MARK THIS BOOKLET IN ANY WAY. 
PLEASE DO NOT TURN THIS PAGE UNTIL YOU ARE ASKED 10 DO SO. 
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A FABLE FOR TOMORROW 


There was once a town in the heart of America where all life 
seemed to live in harmony with its surroundings. 

Then a strange blight crept over the area and everything began 
to change. Some evil spell had settled on the community: mysterious 
maladies swept the flocks of chickens, the cattle and sheep sickened 
and died. Everywhere was a shadow of death. The farmers spoke of 
much illness among their families. In the town the doctors had become 
more and more puzzled by new kinds of sickness appearing among their 
patients. There had been several sudden and unexplained deaths, not 
Only among adults but even among children, who would be stricken 
suddenly while at play and die within a few hours. 

There was a strange stillness. The birds, for example--where 
had they gone? Many people spoke of them, puzzled and disturbed. The 
feeding stations in the backyards were deserted. The few birds seen 
anywhere were moribund; they trembled violently and could not fly. It 
was a spring without voices; only silence lay over the fields and woods 
and marsh. 

On the farms the hens brooded, but no chicks hatched. The 
farmers complained that they were unable to raise any pigs--the litters 
were small and the young survived only a few days. The apple trees 
were coming into bloom but no bees droned among the blossoms, so there 
was no pollination and there would be no fruit. 

The roadsides, once so attractive, were now lined with browned 
and withered vegetation as though swept by fire. These, too were 
Silent, deserted by all living things. Even the streams were now 
lifeless. Anglers no longer visited them, for all the fish had died. 

In the gutters under the eaves and between the shingles of 
the roofs, a white granular powder still showed a few patches; some 
weeks before it had fallen like snow upon the roofs and the lawns, the 
fields and streams. 

No witchcraft, no enemy action had silenced the rebirth of new 
life in this stricken world. The people had done it themselves. 
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THE KINETIC MOLECULAR THEORY 


The Kinetic Molecular Theory is very helpful in explaining the 
physical behavior of matter. It explains: phase change; movement of 
molecules; properties of gases, liquids and solids; and other physical 
phenomena. 

The Kinetic Molecular Theory is composed of five basic postulates 
or principles: 


1. All matter is composed of very tiny individual particles called 
molecules. Ina pure sample of matter these molecules are all 
identical. . 


2. The molecules are in constant random motion, but not all molecules, 
even in a pure sample, have the same speed because they are 
constantly colliding with each other. Some molecules are moving 
very rapidly, others are moving very slowly, but most molecules 
are moving at some speed in between these two extremes, so one 
Speaks of the average speed of the molecules. Molecules translate 


energy into molecular motion; therefore, temperature gives an 


indication of the average speed of molecules. 


3. Molecules possess energy. The energy molecules have as a result 
Of their sspeed@and weight is. called kinetic energy. ‘kinetic 
energy is defined as one-half the weight times the square of the 
speed of the molecule (KE = 1/2 x W x 5°). In a pure gas not 
all of the molecules have the same kinetic energy because while the 
molecules all have the same weight, they do not have the same speed. 
Therefore, one must speak of the average kinetic energy of a set 
of molecules, just as one speaks of the average speed of the 


molecules. An indication of the average kinetic energy of a set of 
molecules is obtained by measuring the temperature. 
4. There are spaces between the molecules of matter. In the gas 


state the average distance between the molecules is very great, 
whereas in the liquid and solid states the average distance be- 


tween the molecules is very little. 


£73N1A IAT 


ota gointetaxe mt Sutphen 
to Jnsvevon ,eynets sam i 
leoiayniq vedta bas, 720 


»gielulwoq. stand avi) Tot 


T ssfuos low. 
931 193 om ) 
#1 .2seop toveahae 
eo . eae = 
wiT “ef vastoM. atten ; . 
ae te 229 laqtor + aA 
4% J yiev to bozoqmas laf’ 999 6m 
setae to siqnse sug sa steaton : 
“+ fear i 


palfan defalhisq’ Tame 
ite +e gotuoelfans 


7 
7 ,; 
sy dnefenoo at S¥6 zalurefoa ar Ss 
2 ef! oven .slomee oni 5 ab nav 


piven av— 2afuoa! oe gage Daera® ses Ai lw ontbit {oa elanssano 

sslvagtom Fach gat ol ofe my onivur sts evento aefbigan Yay ie 
aa iE idadwtex! ni basqe smoz ts ieee 

sfatannet ostyostamM estuary Ww ‘soc: opatsvé 9Ad 0 od 7 
no savin stubevaqimdl f teron! otron yaluasfom ogni Yen ae 
pot yaatom Fo bevqe sosrove ait To nctaehe 


Jluees 6 20 oved comeleapiamen ort \OT9NS 22928209 alo 
aTienhh § .eprant Sfgaae he leo ct Jdplow bas beage NTeng. JOryeg) 

oft Yo sisube ads Sieie oaft Yied-s0o 20 dented et VQV909.4 
ton eop syuq & Al Lee eaAf = oluvefom eft to besge i 
ois sl iiw ozusoed Veron ema on} sven zafusstom odd to [fe i, 
Awene sope ony svar dono He vitiptow sms2 ofJ oved [Te 2aFue >for ov 
jez 6 to yprane obfente, it 30 Jesq2 J2um BNO. sroteys te \ 
a2 Sno 26 J2uh nips rial f 
Jo nottsotbat a pba? bh 7 
Tv2890 yd beats: I¢ al 


y ond ies a 
pwhad sonsteth aps bodies urate 
Hick brs "Stipe phe 269 
er tony 
teh . 


ie 


,eatussfon [fe tan Sud, 


ia 


enh Ya) srutcag 2 


of? To baag2 SE 


Je Ja2 6 10 xpunn9 ots Sm 


247 


The Kinetic Molecular Theory (continued) 


5. Molecules have attractive forces among them. In the gas state 
these attractive forces are negligible because the average 
distance between molecules is very great. However, in the 
liquid state these forces are much stronger, and in the solid 
state the attractive forces are strongest. 


By using any combination of some or all of these five postulates, 
it is possible to explain the different ways in which matter behaves 
physically. 
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PHASE CHANGE 


The following paragraphs illustrate how the Kinetic Molecular 
Theory can be used to explain phase change. 

Phase change refers to the change that occurs when a solid 
melts, a liquid freezes or evaporates, or a gas condenses. 

Consider the following reasoning concerning phase changes 
which take place in a tightly sealed jar which is three-quarters full 
of a liquid at room temperature and is heat insulated from the 
Surroundings. 

If the temperature of the liquid in the jar is increased, then 
the average speed of the molecules of the liquid increases. If the 
speed of the molecules of the liquid increases, then more molecules 
have enough speed to escape from the surface of the liquid or evaporate. 
If this happens, then there will be a greater number of molecules of 
vapour in the restricted space above the liquid. 

Therefore, if the temperature of the liquid in the jar is 
increased, then there are a greater number of molecules of vapour in 


the restricted space above the liquid. 


Go on to the next page 
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PHASE CHANGE ANALOGY - A COMPARISON 


One can explain evaporation and condensation of a liquid by 
comparing molecules to people at a school dance. 

The jar may be thought of as the dance hall building. Think of 
the bystanders around the edge of the dance floor as being molecules 
in the liquid phase, and of the people actually dancing as molecules 
in the vapour phase. The dancers are dancing a rather slow number. 

If the tempo of the music increases, more couples form and 
move out from the sidelines, just as when the temperature is raised, 
more molecules evaporate from the liquid. 

If more couples "evaporate", there are a greater number of 
people dancing on the area of the floor restricted to dancers. 

Therefore, as the tempo of the music increases, the number 


of people dancing increases. 


Go on to the next page 
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PHASE CHANGE 


The following paragraphs illustrate how the Kinetic Molecular 
Theory can be used to explain phase change. 

Phase change refers to the change that occurs when a solid melts, 
a liquid freezes or evaporates, or a gas condenses. 

One can explain evaporation and condensation of a liquid by 
comparing molecules to people at a school dance. 

Consider the following reasoning concerning phase changes which 
take place in a tightly sealed jar which is three-quarters full of a 
liquid at room temperature and is heat insulated from the surroundings. 

The jar may be thoucht of as the dance hall building. Think 
of the bystanders around the edge of the dance floor as being molecules 
in the liquid phase, and of the people actually dancing as molecules in 
the vapour phase. The dancers are dancing a rather slow number. 

If the temperature of the liquid in the jar is increased, then 
the average speed of the molecules of the liquid increases. If the 
Speed of the molecules of the liquid increases, then more molecules 
have enough speed to escape from the surface of the liquid or 
evaporate. If this happens, then there will be a greater number of 
molecules of vapour in the restricted space above the liquid. 

If the tempo of the music increases, more couples form and move 
out from the sidelines, just as when the temperature is raised, more 
molecules evaporate from the liquid. 

If more couples "evaporate," there are a greater number of 
people dancing on the area of the floor restricted to dancers. 

Therefore, if the temperature of the liquid in the jar is 
increased, then there are a greater number of molecules of vapour in 
the restricted space above the liquid. 

Therefore, as the tempo of the music increases, the number of 


people dancing increases. 
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Comparison (Analogy) 


The following paragraphs 
illustrate how the Kinetic Molecular 
Theory can be used to explain phase 
change. 

Phase change refers to the 
Change that occurs when a solid 
melts, a liquid freezes or evapor- 
ates, or a gas condenses. 

Consider the following reason- 
ing concerning phase changes which 
take place ina tightly sealed jar 
which is three-quarters full of a 
liquid at room temperature and is heat 
insulated from the surroundings. 

If the temperature of the 
liquid in the jar is increased, then 
the average speed of the molecules of 
If the speed 
of the molecules of the liquid in- 


the liquid increases. 


creases, then more molecules have 
enough speed to escape from the sur- 
face of the liquid or evaporate. If 
this happens, then there will be a 
greater number of molecules of vapour 


in the restricted space above the liquid 


Therefore, if the temperature 
of the liquid in the jar is increased, 


then there are a greater number of mole- 
cules of vapour in the restricted space 


above the liquid. 


One can explain evapora- 
tion and condensation of a liquid 
by comparing molecules to people at 
a school dance. 

The jar may be thought of 
as the dance hall building. Think 
of the bystanders around the edge 
of the dance floor as being mole- 
cules in the liquid phase, and of 
the people actually dancing as 
molecules in the vapour phase. 
The dancers are dancing a rather 


slow number. 


If the tempo of the music 
increases, more couples form and 
move out from the sidelines, just 
as when the temperature is raised, 
more molecules evaporate from the 
liquid. 

If more couples "evaporate, 
there are a greater number of 
people dancing on the area of the 
floor restricted to dancers. 


Therefore, as the tempo of 
the music increases, the number 


of people dancing increases. 
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PHASE CHANGE ANALOGY TEST 


Good is to bad as light is to: 


(a) 
(b) 
(c) 
(d) 
(e) 


bulb 
dark 
evil 
angelic 
white 


Jane is to John as girl is to: 


lady 
Miss 
boy 
woman 
Mister 


Molecules are to temperature as people at a school dance are to: 


(a) 
(b) 
(c) 
(d) 
(e) 


evaporation 

the dance floor 

the tempo of the music 
compression 
intermolecular forces 


People dancing on the floor are to people standing along the side- 


lines as 


molecules in the gas phase are to: 
faster moving molecules 

the average kinetic energy of molecules 
the average speed of the molecules 
molecules in the liquid phase 

molecules evaporating 


Go on to the next page 
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Do. ihe jearei1s £9 theventire dance Nall as the vavour in the Jar 
is to the: 
(a) people along the sidelines 
(b) people dancing on the floor 


(c) people in the band 
(d) movement of people dancing 
(e) rate of movement of people along the sidelines 


6. People dancing are to couples forming and beginning to dance as 
molecules in the vapour are to: 


(a) molecules in the liquid 

(b) molecules evaporating from the liquid 
(c) molecules condensing from the gas 

(d) people along the sidelines 

(e) faster moving molecules 


7. The rate of movement of people dancing is to the tempo of the 
music as the average speed of the molecules is to the: 


(a) pressure 


(b) temperature 

(c) volume 

(d) number of molecules 
(e) number of people 


8. An increase in temperature of the liquid is to an increase in the 
number of molecules in the vapour as an increase in the tempo of 
the music is to: 


(a) a greater number of people dancing 

(b) a greater number of people along the sidelines 
(c) a greater number of couples forming 

(d) the average speed of the molecules 

(e) all the couples in the dance hall 


Go on to the next page 
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PHASE CHANGE TEST 


The initial conditions under which the reasoning in the passage 
began were: 


(a) an open jar 3/4 full of liquid at room temperature and 
insulated from its surroundings 


(b) a tightly sealed jar 3/4 full of liquid at room tempera- 
ture insulated from its surroundings 


(c) a jar full of vapour at room temperature insulated from 
its surroundings 


(d) a jar 3/4 full of liquid and not at room temperature, 
but insulated from its surroundings 


(e) a jar 3/4 full of liquid at room temperature and 
insulated from its surroundings 


When the temperature of the liquid was raised: 


(a) the average speed of the molecules remains the same 
because an average cannot change 


(b) the average speed of the molecules decreased because 
there was more evaporation 


(c) the average speed of the molecules increased because 
hotter molecules are lighter 


(d) the average speed of the molecules increased because 
temperature gives an indication of the average speed 
of the molecules 


(e) the average speed of the molecules decreased because 
the temperature is a measure of the average kinetic 
energy of the molecules 


The reason why the number of molecules in the vapour increased when 
the temperature of the liquid increased was that: 


(a) the rate of evaporation increased 


(b) the Kinetic Molecular Theory of Matter explains the 
behaviour of the liquid 


(c) there are attractive forces between molecules in the 
liquid 

(d) there are larger average spaces between the molecules 
in the gas phase 


(e) the temperature is an indication of the average speed 
of the molecules 
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Phase Change Test (continued) 
4, 


Which of the following statements follows directly from “he 
reasoning used in the passage? 


(a) 
(b) 


() 
(d) 
(e) 


The rate 


The temperature of a liquid determines its boiling 
point 


The average molecular speed of the molecules in the 
liquid determines the number of molecules in the 
vapour 


If two samples of liquid contain the same amount of 
heat, tnen they will be at the same temperature 


The vapour above the liquid will be at a higher 
temperature than the liquid in the jar 


The same amount of heat is required to vaporize 
a certain number of molecules regardless of what 
liquid is used 


of evaporation of a liquid can be increased by: 


decreasing the average kinetic energy of the 
molecules of the liquid 


increasing the pressure on the liquid 
increasing the number of molecules of liquid 
decreasing the space above the liquid 
increasing the temperature of the liquid 


200 


If the number of molecules decreased in the vapour space described 
in the passage, then: 


the speed of the molecules in the liquid must have 
increased 


the rate of evaporation must have increased 


the temperature of the liquid in the jar must 
have decreased 


the temperature of the molecules in the vapour 
must have increased 


the size of the molecules in the vapour must 
have increased 


Go on to the next page 
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Phase Change Test (continued) 256 
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A bottle of liquid is completely heat insulated from its surround- 
ings and some of the liquid is allowed to evaporate. The evaporated 
molecules are removed immediately from the vicinity of the liquid. 
The temperature of the liquid in the bottle would: 


(a) increase 


(b) decrease 

(c) remain the same 

(d) not be predictable 

(e) increase and then decrease 


Assume there are two identical SEALED bottles A and B containing 
the same amounts of the same liquid. There are twice as many 
molecules in the vapour above the liquid in bottle A as there 
are in bottle B. Which of the following statements best 
describes the above system? 


(a) The temperature of the liquid in bottle A is lower 
than the temperature of the liquid in bottle B 


(b) The average speed of the molecules in bottle A is 
less than the average speed of the molecules in 
bottle B 


(c) The two bottles could not contain the same liquid 


(d) The pressure in bottle A was less than the pressure 
in bottle B 


(e) The temperature of the liquid in bottle A is higher 
than the temperature of the liquid in bottle B 


The average speed at which molecules move can be changed by: 
(a) changing the number of molecules 

b) changing the potential energy of the molecules 

c) changing the rate at which the molecules condense 

d) changing the temperature of the molecules 

e) 


changing the pressure on the molecules if the 
temperature is constant 


The temperature of a substance is determined by the: 
(a) weight of a molecule of the substance 


(b) number of molecules or atoms 

(c) total weight of molecules or atoms 
(d) speed and number of molecules 

(e) average speed of its molecules 


Go on to the next page 
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Phase Change Test (continued) 257 
11. Which of the following decreases the evaporation rate of a 
liquid in an open container 
(a) Raise the temperature of the liquid 
(b) Make the surface area of the liquid larger 


(c) Increase the average kinetic energy of the 
molecules 


(d) Decrease the average speed of the molecules 
(e) None of the above 


12. If one wanted to get an indirect measure of the average speed of 
molecules of a substance one would use a/an: 


(a) ammeter 


(b) spectrometer 
(c) odometer 
(d) thermometer 
(e) barometer 


13. Suppose there is a machine to separate molecules which have speeds 
greater than the average speed from those that move at a speed 
less than the average speed. The molecules with speeds less than 
the average speed would: 


(a) feel warmer than the molecules with speeds greater 
than the average speed 


(b) evaporate more slowly than the molecules with speeds 
greater than the average 


(c) have less heat, but more energy than the molecules 
with speeds greater than the average speed 


(d) have more heat but less energy than the molecules 
with speeds greater than the average speed 


(e) have more heat and more energy than the molecules 
with speeds greater than the average speed 


14. Assume that you have a glass of water whose molecules have a 
certain average speed. A number of water molecules which 
had a greater average speed than the average speed of the 
water molecules in the glass were added to the water in the 
glass. Which of the following statements correctly describes 
the change which would occur? 


(a) The temperature of the water in the glass would 
decrease 


Go on to the next page 
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Phase Change Test (continued) 258 
(b) The molecules added to the glass would speed up 


(c) The temperature of the molecules added to the water 
in the glass would increase 


(d) The temperature of the water in the glass would 
increase 


(e) The average kinetic energy of the molecules in the 
glass would decrease 


15. Assume that you have two identical sealed Jars A and B filled to 
the same level with the SAME liquid. It was determined that 
the average speed of the molecules in Jar A was greater than 
the average speed of the molecules in Jar B. Which of the 
following statements concerning these two jars is correct? 


(a) The number of molecules in the vapour above the 
liquid in Jar A is less than the number in the 
vapour of Jar B 


(b) The vapour above the liquid in Jar B is hotter 
than the vapour in Jar A 


(c) The molecules of liquid in Jar A must be lighter than 
the molecules of liquid in Jar B 


(d) The number of molecules in the vapour above the liquid 
in Jar A is greater than the number in the vapour of 
Jar B 


(e) None of these statements is correct 


16. The over-all conclusion in this passage was: 


(a) Temperature is a measure of the average speed of 
molecules 


(b) Molecules in the vapour are farther apart than 
molecules in the liquid 


(c) An increase in temperature results in an increase 
in the amount of vapour above the liquid 


(d) Evaporation of molecules is a cooling process 


(e) Whenever more heat is supplied to the system, 
more molecules will evaporate 


STOP: Do not turn this page until you are asked to do so. If you 
are finished before time is called, check your work. 
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259 
COMPRESSION 


The following paragraphs illustrate how the Kinetic Molecular 
Theory can be used to explain gas compression. 

Gas compression refers to decreasing the volume by increasing 
the pressure on a fixed amount of gas in a container. 

Consider the following reasoning concerning the compression of 
a gas by a piston at a constant temperature which is below a particular 
temperature specific to each gas. 

If the gas is compressed continuously at constant temperature, 
then the molecules of the gas move closer and closer together. If the 
molecules move closer and closer together, then the attractive forces 
among the molecules get stronger and stronger. If this happens, the 
attractive forces among the molecules eventually become strong enough 
to hold the molecules together in clusters. 

Therefore, if the gas is compressed continuously at constant 
temperature, the attractive forces among the molecules eventually 


become strong enough to hold the molecules together in clusters. 


Go on to the next page 
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COMPRESSION ANALOGY - A COMPARISON 


The compression of a gas can be explained by comparing molecules 
of the gas to people. 

Consider what happens to people when they are "pushed" closer 
together as they are in moving from the country into the city. 

If people are "“pushed"closer and closer together as they are 
when they live closer and closer together, then attractive forces among 
the people increase, just as they do among molecules when they are pushed 
closer together. 

As people get to know each other well, the attractive forces 
increase and small informal groups of people such as friendship groups 
or "gangs" are formed. These informal groups compare to the small 
clusters of molecules. 

Therefore, aS people are brought closer together, small in- 


formal groups begin to form. 


Go on to the next page 
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COMPRESSION 


The following paragraphs illustrate how the Kinetic Molecular 
theory can be used to explain gas compression. 

Gas compression refers to decreasing the volume by increasing 
the pressure on a fixed amount of gas in a container. 

The compression of a gas can be explained by comparing molecules 
of the gas to people. 

Consider the following reasoning concerning the compression of a 
gas in a piston at a constant temperature which is below a particular 
temperature specific to each gas. 

Consider what happens to people when they are "pushed" closer and 
closer together as they are in moving from the country into the city. 

If the gas is compressed continuously at constant temperature, 
then the molecules of the gas move closer and closer together. If the 
molecules move closer and closer together, then the attractive forces 
among the molecules get stronger and stronger. 

If people are "pushed" closer and closer together as they are 
when they live closer and closer together, then attractive forces among 
the people increase, just as they do among molecules when they are pushed 
closer together. 

If this happens, the attractive forces among the molecules 
eventually become strong enough to hold the molecules together in 
clusters. 

As people get to know each other well, the attractive forces 
increase and small informal groups of people such as friendship groups 
or "gangs" are formed. These informal groups compare to the smal] 
clusters of molecules. 

Therefore, if the gas is compressed continuously at constant 
temperature, the attractive forces among the molecules eventually become 
strong enough to hold the molecules together in clusters. 

Therefore, as people are brought closer together, small in- 


formal groups begin to form. 


Go on to the next page 
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COMPRESSION 


—_——— 


Passage 


Comparison (Analogy) 


The following paragraphs 
illustrate how the Kinetic Mole- 
cular Theory can be used to 
explain gas compression. 

Gas compression refers to 
decreasing the volume by increas- 
ing the pressure on a fixed 
amount of gas in a container. | 

Consider the following reas- 
Oning concerning the compression 
Of “d)-dasS 1 d= piston ab a scenstant 
temperature which is below a partic-! 
ular temperature specific to each 
gas. 

If the gas is compressed 
continuously at constant tempera- 
ture, then the molecules of the 
gas move closer and closer together 
If the molecules move closer and 
closer together, then the attrac- 


tive forces among the molecules 
get stronger and stronger. 

If this happens, the 
attractive forces among the 
molecules eventually become 
strong enough to hold the mole- 
cules together in clusters. 


The compression of a gas 
can be explained by comparing mole- 
cules of the gas to people. 

Consider what happens to 
people when they are "pushed" closer 
together as they are in moving from 
the country into the city. 


If people are "pushed" 
closer and closer together as they 
are when they live closer and 
closer together, then attractive 
forces among the people increase, 
just as they do among molecules when 
they are pushed closer together. 


As people get to know each 
other well, the attractive forces 
increase and small informal groups 
of people such as friendship groups 
or "gangs" are formed. These in- 
formal groups compare to the smal] 


clusters of molecules. 


Go on to the next page 
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Compression (continued) 


Passage Comparison (Analogy) 


MhevreTore.. ii ties gas 1s Therefore, as people are 


compressed continuously at brought closer together, small 
constant temperature, the informal groups begin to form. 
attractive forces among the 
molecules eventually become strong 
enough to hold the molecules 


together in clusters. 


Go on to the next page 
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COMPRESSION ANALOGIES TEST 


Good"is to badsas light 7s to: 


(a) bulb 
(b) dark 
(c) evil 
(d) angelic 
(e) white 
Jane is to John as girl is to: 

(a) lady 
(b) Miss 
(c) boy 

(d) woman 
(e) Mister 


People are to attractive forces among people as molecules are to: 
repulsive forces among molecules 
the temperature of the gas 


) 
(b) 
(c) repulsive forces among people 
(d) attractive forces among molecules 
(e) 


the pressure of the gas 


Molecules in a gas at room pressure are to molecules in a compressed 
gas aS people who live far apart are to: 


(a) molecules 

(b) people who move very quickly 
(c) weak attractive forces 

(d) strong attractive forces 

(e) people who live close together 


Groups of people are to groups of molecules as friendship is to: 
) love 

) hatred 

) attractive forces 

) repulsive forces ; 

) cities Go on to the next page 
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Compression Analogies Test (continued) 


6. Compression of a gas is to molecular clusters as people living 
in cities are to: 


(a) people living in the country 


(b) people moving more slowly 
(c) attractive forces 

(d) gangs 

(e) love 


7. People who live close together are to friendship as molecules 
which are far apart are to: 


(a) heating of a gas 


(b) weak attractive forces 
(c) compression of a gas 

(d) strong attractive forces 
(e) love 


8. Compression of a gas is to expansion of a gas as people moving 
from the country to the city are to: 


(a) strong attractive forces 

(b) weaker attractive forces 

(c) people moving from the city to the country 
(d) molecules moving closer together 

(e) molecules moving farther apart 


Go on to the next page 
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COMPRESSION TEST 


The stated conditions under which the reasoning in the passage 
holds were: 


(a) The gas iS compressed continuously at constant pressure 
which is below a particular temperature specific to each 
gas 


(b) The gas is compressed continuously at a constant tempera- 
ture which is below a particular temperature specific 
to the gas 


Gases which have intermolecular forces are compressed 


(d) The compressed gas is assumed to have no inter-molecular 
forces, but must be below a specific temperature during 
compression 


(e) The gas is compressed continuously at a particular 
temperature specific to the gas 
When the molecules are close to each other: 
(a) the repulsive forces become weaker 


(b) the effect of the attractive forces among molecules 
becomes less noticeable 


(c) the molecules become smaller 


(d) the attractive forces among the molecules are dependent 
on the temperature 


(e) the attractive forces become stronger 
The reason why the molecules began to group together to form 
ClUSTEVSe 1S) Undat: 

(a) the temperature was held constant during the compression 


(b) the attractive forces concentrated more and more in the 
molecules as they became smaller and smaller 


(c) the average speed of the molecules decreased 


(d) the attractive forces among the molecules became stronger 
when the molecules were pushed closer together 


(e) the molecules began to form clusters because they were 
cooler 
Which one of the following statements follows directly from the 
reasoning used in the passage? 
(a) If a gas has no intermolecular forces, it would not 
condense when compressed 


Go on to the next page 
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Compression Test (continued) 


(b) 
(c) 


(d) 
(e) 


5. When the 


A gas condenses when compressed because compression 
cools the gas 


A liquid occupies less volume than a gas because the 
molecules of a liquid are smaller than those of the 
gas due to compression. 


The molecules in a compressed gas move faster even 
though the gas is held at constant temperature 


A gas which has intermolecular forces will ultimately 
condense when compressed no matter what the tempera- 
ture of the gas is as long as the temperature is 

held constant 

volume of a certain amount of gas is decreased, the: 
temperature decreases 

molecules decrease in size 


molecules decrease in size; therefore, the attractive 
forces among molecules increase 


weight of the molecules decreases 
attractive forces among the molecules increase 


6. When gases are compressed at constant temperature, the molecules 


begin to 
(a) 


(b) 
(c) 
(d) 
(e) 


form clusters when the: 

molecules slow down enough 

average kinetic energy decreases enough 
molecules are close enough 

molecules become small enough 

volume iS increased enough 


7. While a gas is being compressed the: 


(a) 
(b) 
(c) 
(d) 
(e) 


molecules become smaller 

attractive forces increase 

temperature of the gas decreases 

kinetic energy of the molecules decreases 


molecular speed decreases 


Go on to the next page 
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Compression Test (continued) 


Use the Information below to answer Questions 8 to 10 inclusive. 


CLS 


Jar A Jar B 
alloon 
= = 


The two balloons were blown up with air so that they had identical volumes 


when they were at room pressure. They were then inserted into the jars 
which were stoppered. The pressures of the air inside the jars were 
changed so that the balloonin Jar A became much larger than the balloon 
in Jar B as shown in the diagram. The temperature of the jars and con- 
tents were the same in both cases. 


8. One can conclude that the air pressure: 


(a) is greater in Jar A than in Jar B 


(b) is greater in the balloon in Jar A than it is in the 
balloon in Jar B 


(oj) -istiless*anedareArtinanc in Jar B 


(ad) 4S the Same im the balloon in dar A as 1t, 1S im the 
balloon in Jar B 


(e) is greater in Jar A than in the balloon in Jar A 
9. One can conclude that the strength of the attractive forces among 
the molecules after the pressure was changed: 


(a) is greater in the balloon in Jar A than in the baloon in 
Jar B 


(b) is the same in the balloon in Jar A as in the balloon in 
Jar B 


(c) is greater in Jar A than in Jar B 
(d), is less.in, Jar A than in Jar B 
(e) is greater in Jar B than in the balloon in Jar B 


10. Which molecules would be the nearest to forming clusters of molecules? 
(a) The gas molecules inside Jar A 

) The gas molecules inside the balloon of Jar A 

) The gas molecules inside the balloon of Jar B 

) The gas molecules inside Jar B 

) None of the above Go on to the next page 
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Compression Test (continued) 


11. If a gas were allowed to expand at constant temperature: 


the molecules would become larger 


the intermolecular forces of the gas would 
increase 


the molecules would move farther apart 


the kinetic energy of the molecules would 
increase 


the distance between the molecules would 
decrease 


12. Equal volumes of gaseous water and gaseous ammonia were placed into 
two cylinders at the same temperature. The two gases were both 
compressed to equal volumes and the water molecules began to form 
clusters whereas the ammonia did not. The temperature was kept 
the same in both cylinders throughout the compression. One may 
conclude from these observations that: 


(a) 
(b) 


gaseous water is easier to compress than gaseous ammonia 


the attractive forces among the water molecules are 
Stronger than those among the ammonia molecules 


the water molecules had greater kinetic energy than 
the ammonia molecules 


the attractive forces among the water molecules are 
weak in comparison to those among the ammonia molecules 


the water molecules have a greater average speed than 
the ammonia molecules. 


13. If you had a sample of liquid water molecules and a sample of 
gaseous water molecules, you could conclude: 


(a) 


the gaseous water molecules were at a higher tempera- 
ture than the liquid water molecules 


the gaseous water molecules are at the same tempera- 
ture as the liquid water molecules 


the attractive forces among the molecules in the liquid 
are stronger than those among the molecules in the gas 


the molecules in the gas are larger than those in the 
liquid 
the two samples must be under different pressures 


Go on to the next page 
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Compression Test (continued) 


14. 


16. 


SIO: 


Since each known substance on the earth can exist aS a gas, a 


liquid, and a solid, we may conclude: 


(a) no substance can get any colder than its freezing 
temperature 


(b) the Kinetic Molecular Theory is a perfect theory 


(c) all gases can be turned to liquids simply by 
compressing them 


(d) there can only be three states of matter 


(e) all molecules must have attractive forces for each 
other 


Consider two cylinders containing equal numbers of molecules of 
gases X and Y. Both gases are at the same temperature. The 
molecules of gas X are a greater average distance apart than the 
molecules of gas Y. Which of the following statements is a 


conclusion which follows from this information? 


(a) The molecules in gas Y have weaker attractive forces 


among them than the molecules of gas X 


(b) The average kinetic energy of gas X molecules is 
greater than that of gas Y molecules 


(c) The volume of the cylinder containing gas X is 
smaller than volume of the cylinder containing 
gas Y 


(d) The pressure on the cylinder containing gas Y is 


greater than the pressure on the cylinder containing 


gas X 


(e) The average kinetic energy of gas X molecules is less 


than that of gas Y molecules 


The over-all conclusion in the passage was: 


270 


(a) By compressing the gas continuously at constant tempera- 


ture, the gas molecules begin to cluster together 


(b) By compressing the gas continuously, the molecules of 
the gas become smaller and therefore, have stronger 


attractive forces because they become concentrated 


(c) Compressing a gas increases the attractive forces among 


molecules of the gas 


(d) When gases are compressed, the temperature of the gas 


remains constant 


(e) The closer molecules are to each other, the stronger 


are the attractive forces among them. 


Do not turn this page until you are asked to do so. I* 
finished before time is called, check your work. 
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DIFFUSION 


The following paragraphs illustrate how the Kinetic Molecular 
Theory can be used to explain gas diffusion. 

Gas diffusion refers to the spontaneous mixing of two or more 
gases when they are placed in contact with each other. 

Consider the following reasonong concerning the diffusion 
through air contained in a pipe of a mixture of equal amounts of pure 
gases whose molecules have very different weights. 

If the temperature of the two gases in the mixture is the same, 
then the molecules of the gases have the same kinetic energy. If 
the molecules have the same kinetic energy, then the lighter molecules 
have greater average speed than the heavier molecules. If this happens, 
the lighter gas molecules travel their zig-zag course or diffuse 
faster among the air molecules in the pipe than the heavier gas 
molecules. 

Therefore, if the temperatures of the two gases in the mixture 
are equal, the lighter gas traverses or diffuses faster among the 


air molecules in the pipe than the heavier gas. 
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DIFFUSION ANALOGY - A COMPARISON 


Gas diffusion can be explained by comparing molecules of a gas 
to a group of students mixing with the crowd after entering a busy 
fairground. | 

Assume that half the students weigh 100 pounds and that the 
other half weigh 250 pounds. Furthermore, assume that all students have 
equal strength, just as both gases in the mixture have the same 
temperature. 

If all students have the same strength, they will all have the 
Same average kinetic energy because while the 100 pound students are 
lighter, their average speed will be greater as they move among the 
people at the fair. If their average speed is greater, the leading 
light students will travel farther in the same amount of time along 
the fairground than the leading heavier students. This iS comparable 


to light gas molecules diffusing faster than the heavy gas molecules. 
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DIFFUSION 


The following paragraphs illustrate how the Kinetic Molecular 
Theory can be used to explain gas diffusion. 

Gas diffusion refers to the spontaneous mixing of two or more gases 
when they are placed in contact with each other. 

Gas diffusion can be explained by comparing molecules of a gas to 
a group of students mixing with the crowd after entering a busy fairground. 

Consider the following reasoning concerning the diffusion through 
air contained in a pipe of a mixture of equal amounts of two pure gases 
whose molecules have very different weights. 

Assume that half the students weigh 100 pounds and that the other 
half weigh 250 pounds. Furthermore, assume that all students have equal 
strength, just as both gases in the mixture have the same temperature. 

If the temperature of the two gases in the mixture is the same, 
then the molecules of the gases have the same kinetic energy. If the 
molecules have the same kinetic energy, then the lighter molecules have 
greater average speed than the heavier molecules. If this happens, the 
lighter gas molecules travel their zig-zag course or diffuse faster among 
the air molecules in the pipe than the heavier gas molecules. 

If all students have the same strength, they will all have the 
same kinetic energy because while the 100 pound students are lighter, 
their average speed will be greater as they move among the people at the 
fair. If their average speed is greater, the leading light students will 
travel farther in the same amount of time along the fairground than the 
leading heavier students. 

Therefore, if the temperatures of the two gases in the mixture 
are equal, the lighter gas traverses or diffuses faster among the air 
molecules in the pipe than the heavier gas. 

This is comparable to light gas molecules diffusing faster than 
the heavy molecules. 


Go on to the next page 
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DIFFUSION 


Passage 


Comparison (Analogy) 


The following paragraphs 


illustrate how the Kinetic Molec- 
ular Theory can be used to explain 
gas diffusion. 

Gas diffusion refers to the 
spontaneous mixing of two or more 
gases when they are placed in con- 
tact with each other. 

Consider the following rea- 
soning concerning the diffusion 
through air contained in a pipe 
of a mixture of equal amounts of 
two pure gases whose molecules have 
very different weights. 

If the temperature of the 
two gases in the mixture is the 
same, then the molecules of the 
gases have the same kinetic energy. 
If the molecules have the same 
kinetic energy, then the lighter 
molecules have greater average speed 
than the heavier molecules. If 
this happens, the lighter gas 
molecules travel their zig-zag 
course or diffuse faster among 
the air molecules in the pipe 
than the heavier gas molecules. 

Therefore, if the tempera- 


Gas diffusion can be explained 
by comparing molecules of a gas to a 
group of students mixing with the 
crowd after entering a busy fairground. 

Assume that half the students 
weigh 100 pounds and that the other 
half weigh 250 pounds. Furthermore, 
assume that all students have equal 
Strength, just as both gases in the 
mixture have the same temperature. 


If all students have the same 
Strength, they will all have the 
same kinetic energy because while 
the 100 pound students are lighter, 
their average speed will be greater 
as they move among the people at the 
fair. If their average speed is 
greater, the leading light students 
will travel farther in the same amount 
of time along the fairground than the 
leading heavier students. This is 
comparable to light gas molecules 
diffusing faster than the heavy gas 


molecules. 


tures of the two gases in the mixture 
are equal, the lighter gas traverses 
or diffuses faster among the air mole- 
cules in the pipe than the heavier gas. 
Go on to the next page. 
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DIFFUSION ANALOGY TEST 


Good is to bad as light is to: 


bulb 
dark 
evil 


angelic 


white 


Jane'ts tomdonhn as girl is to: 


(a) 
( 
( 
( 
( 


lady 
Miss 


boy 


woman 


Mister 


The original group of students is to their movement among the 
people at the fair as the gas molecules in the mixture are to: 


temperature 


pressure 


air molecules 


diffusion through air 


speed of the molecules of the mixture 


The 100 pound and 250 pound students are to their equal strength 
as the molecules of the two gases in the mixture are to: 


(a) 

(b) 
(d) 
(e) 


their equal average volumes 


their equal average speeds 


their equal temperature 


their equal average numbers of molecules 


their equal average potential energies 


The average speed of the 100 pound students is to the average 
molecular speed of the lighter gas molecules as the average 
speed of the 


(a) 
(b) 
(c) 
(d) 
(e) 


the 
the 
the 
the 
the 


250 pound students is to: 

average kinetic energy of the heavier gas molecules 
average temperature of the heavier gas molecules 
average temperature of the lighter gas molec\les 
average pressure of the heavier gas molecul* 

average molecular speed of the heavier gas nolecules 


Go on to the next page 
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Diffusion Analogy Test (continued) 


on 


The molecules in the mixture of gases are to the air molecules 
as the students are to: 


the speed of the students 

the people at the fair 

the strength and stamina of the students 
the temperature of the air 

the length of the students' legs 


The students are to the fairground as the molecules of the mixture 


are to: 


(a) 


the heavy molecules 
the light molecules 
the pipe 

air molecules 

the obstacles 


The equal kinetic energy of the students is to their equal strength 
as the equal kinetic energy of the molecules is to: 


(a) 
(b) 


their equal molecular size 

their equal temperature 

their equal volumes 

their equal numbers of molecules 
their equal pressures 


Go on to the next .page 
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DIFFUSION TEST 


1. The stated conditions under which the reasoning in the passage 
holds were: 


(a) 


(b) 


(e) 


The mixture of the two pure gases whose molecules 
have different molecular weights was allowed to 
diffuse through a vacuum 


The two pure gases were not at the same temperature 
originally 


The mixture of two gases whose molecules have differ- 
ent molecular weights was allowed to diffuse through 
air 

The mixture of two pure gases was separated into 


the separate gases before they were allowed to 
diffuse through air 


The mixture of two pure gases whose molecules had 
the same weights was allowed to diffuse through air 


2. Which of the following statements about the two gases in the passage 
is correct? 


(a) 


(b) 


(e) 


The molecules of the lighter gas move faster because 
the lighter molecules have more kinetic energy than 
the heavier molecules 


The molecules of the lighter gas move faster because 
they are at a higher temperature than the molecules 
of the heavier gas 


The molecules of the lighter gas move faster than the 
molecules of the heavier since the light and heavy 
molecules have the same average kinetic energy 


If the temperature of both gases was increased, the 
molecules of the heavier gas will then move as fast 
as the molecules of the lighter gas 


The two gases would move at the same speed if they 
were at the same temperature 


3. The lighter gas diffuses faster than the heavier gas because: 


(a) 
(b) 


(c) 


The lighter gas molecules have a greater average 
Speed than the heavier gas molecules 


The Kinetic Molecular Theory of Matter indicates that the 
difference in rates of diffusion of gases is caused by 
a difference in molecular volume. 


The attractive forces among the molecules of the 
heavier gas are greater than the attractive forces 
among the molecules of the lighter gas 


Go on to the next page 
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Diffusion Test (continued) 


(d) The heavier gas molecules, being bigger, have more 
momentum 


(e) The attractive forces among the molecules of the 
heavier gas are less than the attractive forces among 
the molecules of the lighter gas 


4. Which one of the following statements follows directly from the 
reasoning used in the passage? 


(a) Two gases which have molecules which weigh the same 
would have the same temperature 


(b) The kinetic energy of the light gas molecules is 
different from the kinetic energy of the heavy gas 
molecules 


(c) The gas having the slowest rate of diffusion will 
arrive at a certain point after the gas having a 
faster rate of diffusion 


(d) Molecules move faster when they diffuse through air 
than do the air molecules 


(e) When considering diffusion of a gas through air, the 
air molecules are assumed to be motionless 
5. Since the two gases had the same temperature, they had the same: 
(a) molecular volume 
(b) average kinetic energy 
(c) amount of heat 
(d) average speed of molecules 
(e) average distance between the molecules. 


Questions 6 and 7 refer to the following situation. A student 
uncorks two identical bottles in a still room (no air currents). Each 
bottle contains a different gas, but both gases are at the same tempera- 
ture. He places the uncorked bottles beside each other and sits down 
about six feet away from them. He smells the odour of gas A before the 


Odour of gas B. 


Go on to the next page 


pn Cad. SUe “ak 
; et nl 
a 
oo ‘ 
atthe avery poo} sis oat prs 
5 70 eel =| 


wile movt Vliet peeltas ‘ m0 2 oat wor Loe, any 
a ig Meg 5< bq ony 
sfc fay it hw 


shee of) Sv ioe 


5 - Ai Yo 
#i rafuoslon 26g Fo yorone ot (d) 
25D S Mand wat Yor . Santa a3 mor? 
vee i : 


Chiw npg iy wafe «i's ont 25D aT (a) ra 
fe BIT 26p. 8 | Oo. His3 199 °6 6 ovhats: : 
m . ik ie ‘bh to 26% tesesT 


Me Wann X22 26% vom 2aTyos eng _ 
ONE Ge ied 


= P| gute ni ieee 4p y 30 | pee? oni abt i (8) 4 
eae b be. ort? ost cogil a 

a om Tow veluooton (5) 
_ yprans - ty ont SpateNe = 
“ seed to dawome i F: 

liom to poaqe "spstsvs (b) 
sonstath sppiave (8) > 
fF se 1 
Bot vote { bos d enotstzeup 
Head (elnedtta ts On . se ni estitod reatonabt bill 
<tcote onan ais Ys ig 4d «60 JooveNN tb 9 ani 
fwob..2dte Ene vedio : j penistod bodxooqm ond heist 20d | 
hg aie je’ madd mort” jews $9 Fehler 


tin Aguas scuTTre 


oiler ond bet voit. 2 


tupkys2 A idole. 


a 


Diffusion Test (continued) 


6. Which of the following statements concerning the gases is correct? 


(a) 
(b) 


(c) 


(d) 


(e) 


Gas A travels through air by the process of 
diffusion slower than gas B 


Gas A diffuses at a faster rate than gas B 


Gas B has a greater average molecular speed than 
gas A 


The average kinetic energy of gas A molecules 
is greater than the average kinetic energy of gas 
B molecules 


Since the molecules of gas A are lighter than the 
molecules of gas B, gas B molecules will diffuse 
faster 


7. Which statement about the molecules of the gases is correct? 


(a) 


(b) 


The average kinetic energy of the molecules of 
gas A is greater than the average kinetic energy 
of the molecules of gas B 


The average speed of the molecules of both gases 
is the same 


The average speed of the gas molecules will be 
greater than the average speed of the air molecules 


The average speed of the molecules of gas A is 
greater than the average speed of the molecules of 
gas B 


The average speed of the gas molecules will be less 
than the average speed of the air molecules 
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Diffusion Test (continued) 


Questions 8 to 13 inclusive refer to the following diagram: 


Gas A Gas B 


Initially the hypodermic syringe on the left contains gas A and the syringe 
on the right contains gas B. Both gases are at the same temperature. 

The glass tube is filled with air in which there are no air currents. It 
is known that when gas A and B meet they react chemically to form a 

white smoke. Gases A and B are different gases in each of the following 
experiments. 


8. In the first experiment, a small amount of each of the gases is 
injected into the tube at the same time. After a period of time 
a smoke is observed in region 1. This indicates: 


(a) The molecular weight of gas A is less than the 
molecular weight of gas B 


(b) The average kinetic energy of gas A molecules is 
mw dreater than tie average Kinetic energy of gas 8 
molecules 


(c) The molecular weight of gas A is greater than the 
molecular weight of air 


(d) The weight of the molecules of gas A is greater than 
the weight of the molecules of gas B 


(e) The average kinetic energy of gas A molecules is 
less than the average kinetic energy of gas B 
molecules 


9. In the second experiment, the smoke is first observed in region 2 
after a small amount of each of the gases (not the same two as in 
question 8) was injected into the tube at the same time. From 
this observation one could conclude: 


(a) The rates of diffusion of the two gases must be 
equa | 


(b) The potential energies of the two gases must be 
equal 


(c) If it were not known that the temperatures of the 
two gases A and B were equal, this would indicate 
that the temperatures were equal 
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Diffusion Test (continued) 


Gas A Gas B 


(d) The molecular weight of gas A is greater than the 
molecular weight of gas B 


(e) The gases in hypodermic syringes A and B would 
have to be the same gas 


In a third experiment it was noted that wnen gases A and B were 
at the same temperature, initially the smoke formed in region 3. 
If gas B was heated to a temperature above the temperature of 

gas A, in what region would you observe the formation of smoke? 


a) To the right of region 3 
b) To the left of region 3 
c) In region 3 
d) In region 1 
e) In region 2 


In a fourth experiment, two gases A and B were injected. A white 
smoke was first observed in region 3. Then the two were replaced 
by two chemicals X and Y which had identical molecular weights 

to gases A and B, respectively. The air in the glass tube was 
replaced with water. The experiment was then repeated by inject- 
ing the chemicals S and Y into the water. When the two chemicals 
met, a white solid was formed. The results of the two experiments 
were compared. Using your knowledge about the diffusion process, 
which of the following predictions is a correct one? 


(a) You cannot make any predictions because the experiments 
are not comparable 


(b) The white solid would form to the right of region 3 
(c) The white solid would form to the left of region 3 


(d) The white solid would form in region 3, but it would 
take much longer to form than in the case of the 
white smoke formation 


(e) The white solid would form in region 3, but it would 
not take nearly as long as it did for the white 
smoke to form 
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Diffusion Test (continued) 


23 


ice 


Gas A Gas B 


In a fifth experiment, with the glass tube again filled with 
air, the two gases A and B were injected at the same time and 
allowed to stand for some considerable period of time after 
the smoke was first observed in region 3. Smoke was then 
observed over the entire length of the tube. This is an 
example of: 


(a) air currents 


(b) convection 
(c) expansion 
(d) diffusion 
(e) condensation 


In a sixth experiment gases A and B were injected into the tube 
filled with air. It was noted that it took ten minutes for the 
smoke to appear in region 3. Then all of the air was removed 
from the tube and the two gases were injected. The entire tube 
filled with white smoke immediately. The best explanation for 
the difference in behaviour of the gases in the described 
Situations is: 


(a) The molecules of air keep the two gases apart because 
air iS a good heat insulator 


(b) The molecules of the two gases would be closer to- 
gether when they are in an evacuated tube, than when 
there is air in the tube 


(c) When the gases enter the air filled tube they must 
diffuse through air molecules, whereas in an evacuated 
tube diffusion is faster because there are no air 
molecules through which the gas molecules must find 
their way 


(d) Chemical reactions between gases take place faster 
in an evacuated tube than in an air filled tube 


(e) In an evacuated tube the gas molecules can travel 
straight toward each other, whereas in an air filled 
tube expansion takes place 
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Diffusion Test (continued) 


The following information is for items 14 and 15. A mixture 
containing equal numbers of molecules of each of two gases (X and Y) 
is placed in a large metal sphere which has a very tiny (microscopic) 
hole in it. The rate at which a gas will leak out of the sphere 
will depend on the number of times the molecules of that gas strike 
the side of the sphere. It is found that the mixture of gases leak- 
ing from the hole has many more molecules of gas X in it than 
molecules of gas Y. 


14. From this observation one can conclude that: 
(a) The hole is not big enough for the heavy gas Y 
molecules to pass through 


(b) Gas X molecules have a faster average molecular 
speed than gas Y molecules 


(c) The molecules of gas X have a lower kinetic energy 
than gas Y molecules 


(d) The temperature of the two gases could not possibly 
have been the same 


(e) None of the above is a correct conclusion 


15. A second conclusion one can draw from this observation is that: 


(a) The molecules of gas X have a higher average 
kinetic energy than gas Y molecules 


(b) The weight of each gas X molecule is greater than 
that of each gas Y molecule 


(c) The weight of each gas X molecule is less than 
that of each gas Y molecule 


(d) Gas X molecules have a slower average speed than 
gas Y molecules 


(e) Gas Y molecules would diffuse through another gas at 
a faster rate than gas X molecules 


Go on to the next page 


ele ore to ves 


sa a a ‘ 
so 
4 
siytxtn A att Ls 
(¥ brs X) saaey a . aot atom %o.2190 
(aigoneotp tm) plicsie a Aw evaiye (stom esbhwiat be 
srodge sit 30 400 eal os wa a4 


y 
ate 26Q Jsty 10 (29 aiteaty ut 
-dnel 2eeap Ya ayut anal t hme si a epee vane? 


neih th Nt 280F aoe yen =e 


ry oe i 


ABD 8N0 olsen etl 


joos pid Jon 2t Sfod ant (5) a 
iid 2250 02 2ofuasiom =~ re 


ca vs 29(uod ae {d) mY 
siom ¥ 260 bs : 


S607 
a 


\ 2ep yest 4d Se 
5 . MH 
veluostom speteye, a 


7 > yi 
yao 27250 Ts "awh mK 265 to Ben pa 4a). ; ; | 
Ye" Sn, vi i.golvoolon y 20D nerd a2 ops 


vfidteena don sith aad ‘> > utenaamd! ait | ant (b) 
nari | a a svods of? ¥0 snot (ey ; 


7 


seb 062 9n0 noteufoqoa bnons2 A oF ; 


8 x Zap to bees re (5) 
. ‘gent yovens otzenkA 


% 2h Wios9 to tigtew ont eae - 
Sefonr Y esp oss Yo Sand : 


does to tdptow ett (a) : 
eS ob dpt 


sind et notigv | 
ADBIGVE “Se 


ant yates 2? oft 


nnd? 22af aha 
ne Y 25p oss” 


} bt Juco ie 
b Wend St64 sat * ae 


284 


Diffusion Test (continued) 


16. The over-all conclusion in this passage was: 


(a) Temperature is a measure of the average speed of 
molecules 


(b) If two gases are at equal temperatures, the lighter 
gas will diffuse faster through air than the 
heavier gas 


(c) The molecules of the lighter gas differ in a number 
of respects from the molecules of the heavier gas 


(d) If two gases are at the same temperature, they will 
have the same average kinetic energy 


(e) The gas with the fastest rate of diffusion has the 
weakest attractive forces among its molecules 
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PHASE CHANGE 


The following paragraphs illustrate how the Kinetic Molecular 
Theory can be used to explain phase change. 

Phase change refers to the change that occurs when a solid melts, 
a liquid freezes or evaporates, or a gas condenses. 

Consider the following reasoning concerning phase changes which 
take place in a tightly sealed jar which is three-quarters full of a 
liquid at room temperature and is heat insulated from the surroundings. 

If the temperature of tne liquid in the jar is increased, then 
the average speed of the molecules of the liquid increases. If the 
speed of the molecules of the liquid increases, then more molecules 
have enough speed to escape from the surface of the liquid or evaporate. 
If this happens, then there will be a greater number ot molecules of 
vapour in the restricted space above the liquid. 

Therefore, if the temperature of the liquid in the jar is 
increased, then there are a greater number of molecules of vapour in 
the restricted space above the liquid. 

If there are a greater number of molecules above the liquid, 
then there is a greater chance that some of them will strike the liquid 
surface and be recaptured. If this happens, more molecules will 
condense from the vapour to the liquid phase. 

Since more vapour molecules condense, then the rate of conden- 
sation of the vapour is greater than it was before the liquid was 
heated. 

Therefore, 1f the temperature of the liquid in the jar is 
increased, then the rate of condensation of the vapour is greater 
than it was before the liquid was heated. 

In other words, it may be concluded that if the temperature 
of a liquid is increased in an insulated, sealed, jar, then the rates 


of both evaporation and condensation increase. 
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PHASE CHANGE ANALOGY - A COMPARISON 


One can explain evaporation and condensation of a liquid by 
comparing molecules to people at a school dance. 

The jar’ may be thought of as the dance hall building. Think 
of the bystanders around the edge of the dance floor as being 
molecules in the liquid phase, and of the people actually dancing as 
molecules in the vapour phase. The dancers are dancing a rather 
slow number. 

If the tempo of the music increases, more couples form and 
move out from the sidelines, just as when the temperature is raised, 
more molecules evaporate from the liquid. 

If more couples "evaporate", there are a greater number of 
people dancing on the area of the floor restricted to dancers. 

Therefore, as the tempo of tne music increased, the number of 
people dancing increases. 

As more couples dance, there will be a greater number of couples 
who get tired and return to the sidelines. In other words, they 
"condense" back to the liquid phase. 

There are a greater number of couples leaving the floor per 
minute now than when the tempo cf the music was slow. In other words, 
the rate of "condensation" has increased. 

Therefore, if tne tempo of the music is increased, the rates 
at which couples enter and leave the dance floor are greater than 
when the tempo of the music was slower. Just as the rates of 
evaporation and condensation increase with an increase in temperature 
so too the rates of couples forming and retiring increase with an 


increase in tempo of music. 
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PHASE CHANGE 


The following paragraphs illustrate how the Kinetic Molecular 
Theory can be used to explain phase change. 

Phase change refers to the change that occurs when a solid melts, 
a liquid freezes or evaporates, or a gas condenses. 

One can explain evaporation and condensation of a liquid by com- 
paring molecules to people at a school dance. 

Consider the following reasoning concerning phase changes which 
take place in a tightly sealed jar which is three-quarters full of a 
liquid at room temperature and is heat insulated from the surroundings. 

The jar may be thought of as the dance hall building. Think of 
the bystanders around the edge of the dance floor as being molecules in 
the liquid phase, and of the people actually dancing as molecules in the 
vapour phase. The dancers are dancing a rather slow number. 

If the temperature of the liquid in the jar is increased, then 
the average speed of the molecules of the liquid increases. If the 
speed of the molecules of the liquid increases, then more molecules have 
enough speed to escape from the surface of the liquid or evaporate. If 
this happens, then there will be a greater number of molecules of vapour 
in the restricted space above the liquid. 

If the tempo of the music increases, more couples form and move 
out from the sidelines, just as when the temperature is raised, more 
molecules evaporate from the liquid. 

If more couples "evaporate," there are a greater number of people 
dancing on the area of the floor restricted to dancers. 

Therefore, if the temperature of the liquid in the jar is in- 
creased, then there are a greater number of molecules of vapour in the 
restricted space above the liquid. 

Therefore, as the tempo of the music increases, the number of 


people dancing increases. 
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PHASE CHANGE 


If there are a greater number of molecules above the liquid, 
then there is a greater chance that some of them will strike the liquid 
surface and be recaptured. If this happens, more molecules will 
condense from the vapour to the liquid phase. 

As more couples dance, there will be a greater number of couples 
who get tired and return to the sidelines. In other words, they 
"condense" back to the liquid phase. 

Since more vapour molecules condense, then the rate of conden- 
sation of the vapour is greater than it was before the liquid was 
heated. 

There are a greater number of couples leaving the floor per 
minute now than when the tempo of the music was slow. In other words, 
the rate of "condensation" has increased. 

Therefore, if the temperature of the liquid in the jar is 
increased, then the rate of condensation of the vapour is greater than 
it was before the liquid was heated. 

Therefore, if the tempo of the music is increased, the rates 
at which couples enter and leave the dance floor are greater than when 
the tempo of the music was slower. 

In other words, it may be concluded that if the temperature of 
a liquid is increased in an insulated, sealed, jar, then the rates 
of both evaporation and condensation increase. 

Just as the rates of evaporation and condensation increase 
with an increase in temperature, so too the rates of couples forming 


and retiring increase with an increase in tempo of music. 
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PHASE CHANGE 


Passage 


Comparison (Analogy) 


Se a SS Ge aa ene en TT 


The following paragraphs illus- 
trate how the Kinetic Molecular Theory 
can be used to explain phase change. 

Phase change refers to the 
change that occurs when a solid melts, 
a liquid freezes or evaporates, or a 
gas condenses. 

Consider the following reason- 
ing concerning phase changes which 
take place in a tightly sealed jar 
which is three-quarters full of a 
liquid at room temperature and is 
heat insulated from the surroundings. 

If the temperature of the 
liquid in the jar is increased, then 
the average speed of the molecules 
Pr the 
Speed of the molecules of the liquid 


of the liquid increases. 


increases, then more molecules have 
enough speed to escape from the 
surface of the liquid or evaporate. 
If this happens, then there will be 
a greater number of molecules of 
vapour in the restricted space above 
the liquid. 

Therefore, if the tempera- 
ture of the liquid in the jar is 
increased, then there are a greater 
number of molecules of vapour in the 
restricted space above the liquid. 


One can explain evaporation 
and condensation of a liquid by com- 
paring molecules to people at a 
School dance. 

The jar may be thought of as 
the dance hall building. Think of 
the bystanders around the edge of the 
dance floor as being molecules in the 
liquid phase, and of the people 
actually dancing as molecules in the 
vapour phase. The dancers are dancing 
a rather slow number. 


If the tempo of the music 
increases, more couples form and move 
out from the sidelines, just as when 
the temperature is raised, more 
molecules evaporate from the liquid. 

If more couples "evaporate," 
there are a greater number of people 
dancing on the area of the floor 


restricted to dancers. 
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Comparison (Analogy) 


If there are a greater 
number of molecules above the 
liquid, then there is a greater 
chance that some of them will 
strike the liquid surface and be 
recaptured. If this happens, 
more molecules will condense from 
the vapour to the liquid phase. 

Since more vapour mole- 
cules condense, then the rate of 
condensation of the vapour is 
greater than it was before the 
liquid was heated. 

Therefore, if the tempera- 
ture of the liquid in the jar is 
increased, then the rate of 
condensation of the vapour is 
greater than it was before the 
liquid was heated. 

In other words, it may be 
concluded that if the temperature 
of a liquid is increased in an 
insulated, sealed, jar, then the 
rates of both evaporation and 
condensation increase. 


As more couples dance, there 
will be a greater number of couples 
who get tired and return to the side- 
lines. In other words, they "condense" 
back to the liquid phase. 


There are a greater number 
of couples leaving the floor per 
ininute now than when the tempo of the 
music was slow. In other words, the 
rate of "condensation" has increased. 

Therefore, if the tempo of 
the music is increased, the rates at 
which couples enter and leave the 
dance floor are greater than when 
the tempo of the music was slower. 
Just as the rates of evaporation and 
condensation increase with an 
increase in temperature, so too the 
rates of couples forming and retiring 
increase with an increase in tempo 


of music. 
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PHASE CHANGE ANALOGY TEST 


Good is to bad as light is to: 


(a) bulb 
(b) dark 
(c) evil 


(d) angelic 
(e) white 


Jane 1s tO WJohn-as girl 1s to: 


(a) lady 
(b) Miss 
(c) boy 
(d) woman 


(e) Mister 


Molecules are to temperature as people at a school dance are to: 
(a) evaporation 


(b) the dance floor 
(c) the tempo of the music 
d) compression 


( 
(e) intermolecular forces 
People dancing on the floor are to people standing along the 
Sidelines as molecules in the gas phase are to: 

(a) faster moving molecules 

(b) the average kinetic energy of molecules 

(c) the average speed of the molecules 

(d) molecules in the liquid phase 

(e) molecules evaporating 
The jar 1s to the entire dance hall as the vapour in the jar 
is to the: 


(a) people along the sidelines 


(b) people dancing on the floor 

(c) people in the band 

(d) movement of people dancing 

(e) rate of movement of people along the sidelines 


Go on to the next page 
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Phase Change Analogy Test (continued) 


6. 


10. 


People dancing are to couples forming and beginning to dance 
as molecules in the vapour are to: 


(a) 


The rate 
music as 


(a) 
(b) 
(c) 
(d) 
(e) 


molecules in the liquid 

molecules evaporating from the liquid 
molecules condensing from the gas 

people along the sidelines 

faster moving molecules 

of movement of people dancing is to the tempo of the 
the average speed of the molecules is to the: 
pressure 

temperature 

volume 

number of molecules 

number of people 


An increase in temperature of the liquid is to an increase in 
the number of molecules in the vapour as an increase in the 


tempo of 
(a) 
(b) 
(co) 
(d) 
(e) 


the music is to: 

a greater number of people dancing 

a greater number of peopie along the sidelines 
a greater number of couples forming 

the average speed of the molecules 

all the couples in the dance hall 


Couples forming and beginning to dance are to molecules evaporat- 
ing as couples who stop dancing are to: 


molecules condensing 

molecules gasifying 

strong attractive forces among the molecules 
weak attractive forces among the molecules 
tired people 


The number ot people dancing is to the rate at which people 
leave the floor as the number of molecules in the vapour 1s 


to: 
(a) 
(b) 


the number of molecules in the liquid 
the temperature of the liquid 
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Phase Change Analogy Test (continuing) 


(c) 


the rate at which molecules in the vapour 
condense 


the rate of movement of the dancers 
the rate of movement of the liquid molecules 


Go on to the next page 


PHASE CHANGE TEST 


1. The initial conditions under which the reasoning in the passage 
began were: 


(a) 


2. When the 
(a) 


(e) 


an open jar 3/4 full of liquid at room temperature 
and insulated from its surroundings 


antightly sealed. jar 3/4 full of liquid at room 
temperature insulated from its surroundings 


a jar full of vapour at room temperature insulated 
from its surroundings 


a jar 3/4 full of liquid and not at room temperature, 
but insulated from its surroundings 


a jar 3/4 full of liquid at room temperature and 
insulated from its surroundings 


temperature of the liquid was raised: 


the average speed of the molecules remains the same 
because an average cannot change 


the average speed of the molecules decreased because 
there was more evaporation 


the average speed of the molecules increased because 
hotter molecules are lighter 


the average speed of the molecules increased because 
temperature gives an indicatiun of the average speed 
of the molecules 


the average speed of the molecules decreased because 
the temperature is a measure of the average kinetic 
energy of the molecules 


3. The reason why the number of molecules in the vapour increased 


when the 
(a) 
(b) 


temperature of the liquid increased was that: 
the rate of evaporation increased 


the Kinetic Molecular Theory of Matter explains the 
behaviour of the liquid 


there are attractive forces between molecules in the 
liquid 

there are larger average spaces between the molecules 
in the gas phase 


the temperature is an indication of the average speed 
of the molecules 


Go on to the next page 
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Phase Change Test (continued) 


4. Which of the following statements follows directly from the 


reasoning used in the passage? 


(a) The temperature of a liquid determines its boiling 


point 


(b) The average molecular speed of the molecules in the 
liquid determines the number of molecules in the 


vapour 


(c) If two samples of liquid contain the same amount of 


heat, then they will be at the same temperature 


(d) The vapour above the liquid will be at a higher 
temperature than the liquid in the jar 


(e) The same amount of heat is required to vaporize a 


certain number of molecules regardless of what 
liquid is used 


5. The rate of evaporation of a liquid can be increased by: 


(a) decreasing the average kinetic energy of the 
molecules of the liquid 


(b) increasing the pressure on the liquid 

(c) increasing the number of molecules of liquid 
(d) decreasing the space above the liquid 

(e) increasing the temperature of the liquid 


ae) e 


6. If the number of molecules decreased in the vapour space described 


in the passage, then: 


(a) the speed of the motecules in the liquid must have 


increased 
(b) the rate of evaporation must have increased 


(c) the temperature of the liquid in the jar must 
have decreased 


(d) the temperature of the molecules in the vapour 
must have increased 


(e) the size of the molecules in the vapour must have 


increased 
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Phase Change Test (continued) 


1 


g. 


A bottle of liquid is completely heat insulated from its surround- 
ings and some of the liquid 1s allowed to evaporate. The evapor- 
ated molecules are removed immediately from the vicinity of the 
liquid. The temperature of the liquid in the bottle would: 


(a) increase 

(b) decrease 

(c) remain the same 

(d) not be predictable 

(e) increase and then decrease 
Assume there are two identical SEALED bottles A and B containing 
the same amounts of the same liquid. There are twice as many 
molecules in the vapour above the liquid in bottle A as there are 


in bottle B. Which of the following statements best describes 
the above system? 


(a) The temperature of the liquid in bottle A is lower 
than the temperature of the liquid in bottle B 


(b) The average speed of the molecules in bottle A is 
less than the average speed of the molecules in 
bottle B 


(c) The two bottles could not contain the same liquid 


The pressure in bottle A was less than the pressure 
in bottle B 


(e) The temperature of the liquid in bottle A is higher 
than the temperature of the liquid in bottle B 

The average speed at wnich molecules move can be changed by: 
a) changing the number of molecules 
b) changing the potential energy of the molecules 
c) changing the rate at which the molecules condense 
d) changing the temperature of the molecules 
e 


) changing the pressure on the molecules if the 
temperature is constant 
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Phase Change Test (continued) 


10; 


ts 


Ve. 


lio 


The temperature of a substance is determined by the: 


(a) 
(b) 
(c) 
(d) 
(e) 


weight of a molecule of the substance 
number of molecules or atoms 

total weight of molecules or atoms 
Speed and number of molecules 


average speed of its molecules 


Which of the following decreases the evaporation rate of a liquid 
in an open container? 


(a) 
(b) 
(c) 


Raise the temperature of the liquid 
Make the surface area of the liquid larger 


Increase the average kinetic energy of the 
molecules 


Decrease the average speed of the molecules 
None of the above 


If one wanted to get an indirect measure of the average speed of 
molecules of a substance one would use a/an: 


Suppose 


ammeter 
Spectrometer 
odometer 
thermometer 
barometer 


there is a machine to separate molecules which have speeds 


greater than the average speed from those that move at a speed 
less than the average speed. The molecules with speeds less 
than the average speed would: 


(a) 


feel warmer than the molecules with speeds greater 
than the average speed 


evaporate more slowly than the molecules with speeds 
greater than the average 


have less heat, but more energy than the molecules 
with speeds greater than the average speed 


have more heat but less energy than the molecules 
with speeds greater than the average speed 


have more heat and more energy than the molecules 
with speeds greater than the average speed 
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Phase Change Test (continued) 


14. Assume that you have a glass of water whose molecules have a 
certain average speed. A number of water molecules which 
had a greater average speed than the average speed of the 
water molecules in the glass were added to the water in the 
glass. Which of the following statements correctly describes 
the change which would occur? 


(a) The temperature of the water in the glass would 
decrease 


(b) The molecules added to the glass would speed up 


(c) The temperature of the molecules added to the 
water in the glass would increase 


(d) The temperature of the water in the glass would 
increase 


(e) The average kinetic energy of the molecules in 
the glass would decrease 


15. Assume that you have two identical sealed jars A and B filled 
to the same level with the SAME liquid. It was determined 
that the average speed of the molecules in jar A was greater 
than the average speed of the molecules in jar B. Which of the 
following statements concerning these two jars is correct? 


(a) The number of molecules in the vapour above the 
liquid in jar A is less than the number in the 
vapour of jar B 


(b) The vapour above the liquid in jar B is hotter than 
the vapour in jar A 


(c) The molecules of liquid in jar A must be lighter 
than the molecules of liquid in jar B 


(d) The number of molecules in the vapour above the 
liquid in jar A is greater than the number in the 
vapour of jar B 


(e) None of these statements is correct 
16. Which of the following choices best describes the rate of conden- 


sation of the vapour in the two sealed bottles in question 15? 
The rate of condensation of the vapour in: 


(a) bottle A is Tess than that in bottle B 
(b) bottle A is greater than that in bottle B 
(c) bottle A is the same as that in bottle B 


Go on to the next page 
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Phase Change Test (continued) 


(d) 
(e) 


the two bottles cannot be predicted 


bottle A is greater than that in bottle B, but the 
temperature of the liquid in bottle A is lower 


17. Consider the following statements which may or may not be true 
concerning the system described in the Phase Change passage. 


IT. The greater the rate of evaporation, the greater is the 
number of molecules in the vapour phase 


II. The lower the temperature of the liquid, the greater is 
the rate of condensation of the vapour 


Choose the correct description of the statements from the 


following: 

(a) Statements I and II are in agreement and both are 
true 

(b) Statements I and II are in agreement and both are 
false 

(c) Statements I and II are not in agreement, I is false 
and II is true 

(d) Statements I and II are not in agreement, I is true, 
II is false 

(e) Statements I and II have no relationship to one 


another 


18. After the temperature of the liquid in the sealed jar described 
in the passage was increased: 


(a) 
(b) 


the vapour molecules are farther apart 


the attractive forces among the vapour molecules 
decreased 


fewer molecules condensed because the temperature 
had been raised 


steam formed above the liquid 
the rate of condensation of vapour increased 


19. The over-all conclusion of this passage was: 


(a) 
(b) 


Temperature is a measure of the average speed of 
molecules 


An increase in evaporation results in an increase 
in the amount of vapour above the liquid 


Go on to the next page 
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Phase Change Test (continued) 


20% 


SUR; 


An increase in temperature of the liquid results 
in an increase in the rate of evaporation and 
condensation 


Evaporation of molecules is a cooling process 


Molecules which are closer together have stronger 
attractive forces 


If the sealed jar described in the passage were at a certain 
temperature and suddenly one could somehow increase the 
Surface area without changing the temperature of the liquid, 


then: 
(a) 
(b) 
(c) 


the rate of evaporation would momentarily decrease 
the rate of condensation would momentarily increase 


the volume occupied by the liquid would decrease 
considerably 


the average speed of the molecules in the liquid would 
decrease 


a vacuum would result in the space above the liquid 


Do not turn this page until you are asked to do so. If you 
are finished before time is called, check your work, 
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COMPRESSION 


The following paragraphs illustrate how the Kinetic Molecular 
Theory can be used to explain gas compression. 

Gas compression refers to decreasing the volume by increasing 
the pressure on a fixed amount of gas in a container. 

Consider the following reasoning concerning the compression of 
a gas by a piston at a constant temperature which is below a particular 
temperature specific to each gas. 

If the gas is compressed continuously at constant temperature, 
then the molecules of the gas move closer and closer together. If 
the molecules move closer and closer together, then the attractive 
forces among the molecules get stronger and stronger. If this happens, 
the attractive forces among the molecules eventually become strong 
enough to hold the molecules together in clusters. 

Therefore, if the gas is compressed continuously at constant 
temperature, the attractive forces among the molecules eventually 
become strong enough to hold the molecules together in clusters. 

If the attractive forces are strong enough to cause cluster 
formation, these clusters increase in size until they contain many 
molecules and become very large and heavy. If this happens, eventually 
the largest clusters of molecules can no longer be held in suspension 
by the gaseous molecules. 

Since the largest clusters can no longer be held in suspension, 
then the largest clusters of molecules will precipitate as droplets 
OF Piguid. 

Therefore, if a gas is compressed continuously at constant 
temperature, then the largest clusters of molecules will precipitate 
as droplets of liquid. 

In other words, it may be concluded that if a gas 1S compressed 
continuously at a constant temperature which is below a particular 


temperature specific to each gas, the gas will liquify. 


Go on to the next page 
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COMPRESSION ANALOGY - A COMPARISON 


The compression of a gas can be explained by comparing molecules 
of the gas to people. 

Consider what happens to people when they are "pushed" closer 
together as they are in moving from the country into the city. 

If people are "pushed" closer and closer together as they are 
when they live closer and closer together, then attractive forces among 
the people increase, just as they do among molecules when they are 
pushed closer together. 

As people get to know each other well, the attractive forces 
increase and small informal groups of people such as friendship groups 
or "gangs" are formed. These informal groups compare to the small 
clusters of molecules. 

Therefore, as people are brought closer together, small informal 
groups begin to form. 

Small informal groups may grow in size until they become very 
large containing a number of informal groups. These larger groups 
are called formal groups. Examples are Girl Guides, Boy Scouts, 
Sports Leagues, and Motorcycle Clubs. 

These large formal groups become very noticeable within the 
society at large. They cannot be ignored or "held in suspension" by 
society, just as the largest clusters of molecules can no longer be 
held in suspension by the gaseous molecules. 

The members of these formal groups have "precipitated" from 
society to do their own thing. 

Therefore, if people are pushed together closer and closer, 
they will form large formal groups just as molecules of a compressed 


gas form droplets of liquid. 


Go on to the next page 
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COMPRESSION 


The following paragraphs illustrate how the Kinetic Molecular 
theory can be used to explain gas compression. 

Gas compression refers to decreasing the volume by increasing the 
pressure on a fixed amount of gas in a container. 

The compression of a gas can be explained by comparing molecules of 
the gas to people. 

Consider the following reasoning concerning the compression of a 
gas ina piston at a constant temperature which is below a particular 
temperature specific tO each gas. 

Consider what happens to people when they are "pushed" closer and 
closer together as they are in moving from the country into the city. 

If the gas is compressed continuously at constant temperature, then 
the molecules of the gas move closer and closer together. If the molecules 
move closer and closer together, then the attractive forces among the 
molecules get stronger and stronger. 

If people are "pushed" closer and closer together as tney are when 
they live closer and closer together, then attractive forces among the 
people increase, just as they do among molecules when they are pushed closer 
together. 

If this happens, the attractive forces among the molecules eventually 
become strong enough to hold the molecules together in clusters. 

As people get to know each other well, the attractive forces increase 
and small informal groups of people such as friendship groups or "gangs" 
are formed. These informal groups compare to the small clusters of 
molecules. 

Therefore, if the gas is compressed continuously at constant tempera- 
ture, the attractive forces among the molecules eventually become strong 
enough to hold the molecules together in clusters. 

Therefore, as people are brought closer together, small informal 


groups begin to form. 


Go on to the next page 
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Compression (continued) 


Ifthe attractive forces are strong enough to cause cluster for- 
mation, these clusters increase in size until they contain many molecules 
and become very large and heavy. If this happens, eventually the 
largest clusters of molecules can no longer be held in suspension by the 
gaseous molecules. 

Small informal groups may grow in size until they become very 
large containing a number of informal groups. These larger groups are 
called formal groups. Examples are Girl Guides, Boy Scouts, Sports 
Leagues, and Motorcycle Clubs. 

Since the largest clusters can no longer be held in suspension, then 
the largest clusters of molecules will precipitate as droplets of liquid. 

These large formal groups become very noticeable within the 
society at large. They cannot be ignored or "held in suspension" by 
society, just as the largest clusters of molecules can no longer be held 
in suspension by the gaseous molecules. 

The members of these formal groups have "precipitated" from 
society to do their own thing. 

Therefore, if a gas is compressed continuously at constant tempera- 
ture, then the largest clusters of molecules will precipitate as droplets 
Ofeltquid. 

In other words, it may be concluded that if a gas is compressed 
continuously at a constant temperature which is below a particular 
temperature specific to each gas, the gas will liquify. 

Therefore, if people are pushed together closer and closer, they 
will form large formal groups just as molecules of a compressed gas form 


droplets of liquid. 


Go on to the next page 
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COMPRESSION 


Passage 


Comparison (Analogy) 


The following paragraphs 


illustrate how the Kinetic Molecular 
Theory can be used to explain gas 
compression. 

Gas compression refers to 
decreasing the volume by increasing 
the pressure on a fixed amount of 
gas in a container. 

Consider the following reason- 
ing concerning the compression of a 
gas ina piston at a constant tempera- 
ture which is below a particular 
temperature specific to each gas. 

If the gas is compressed 
continuously at constant temperature, 
then the molecules of the gas move 
If the 
molecules move closer and closer 


closer and closer together. 


together, then the attractive 
forces among the molecules get 
stronger and stronger. 

If this happens, the 
attractive forces among the mole- 
cules eventually become strong 
enough to hold the molecules to- 
gether in clusters. 


The compression of a gas can 
be explained by comparing molecules 
of the gas to people. 

Consider what happens to 
people when they are "pushed" closer 
together as they are in moving from 


the country into the city. 


If people are "pushed" closer 


and closer together as they are when 


they live closer and closer together, 
then attractive forces among the 
people increase, just as they do amona 
molecules when they are pushed closer 


together. 


As people get to know each 
other well, the attractive forces 
increase and small informal groups of 
people such as friendship groups or 
"gangs" are formed. These informal 
groups compare to the small clusters 


of molecules. 


Go on to the next page 
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Compression (continued) 


Passage 


Therefore, if the gas is 
compressed continuously at con- 
stant temperature, the attractive 
forces among the molecules event- 
ually become strong enough to hold 
the molecules together in clusters. 

If the attractive forces are 
strong enough to cause cluster 
formation, these clusters increase 
in size until they contain many mole- 
cules and become very large and heavy. 
If this happens, eventually the 
largest clusters of molecules can no 
longer be held in suspension by the 
gaseous molecules. 

Since the largest clusters can 
no longer be held in suspension, then 
the largest clusters of molecules 
will precipitate as droplets of 
liouid. 


Therefore, if a gas iS com- 
pressed continuously at constant 
temperature, then the largest clus- 
ters of molecules will precipitate 
as droplets of liquid. 


306 


Comparison (Analogy) 


Therefore, as people are 


brought closer together, small in- 


formal groups begin to form. 


Small informal groups may grow 
in size until they become very large 
containing a number of informal groups. 
These larger groups are called formal 
groups. Examples are Girl Guides, 
Boy Scouts, Sports Leagues, and 


Motorcycle Clubs. 


These large formal groups be- 
come very noticeable within the 
society at large. They cannot be 
ignored or "held in suspension" by 
society, just as the largest clusters 
of molecules can no longer be held 
in suspension by the gaseous molecules. 

The members of these formal 
groups have "precipitated" from 
society to do their own thing. 

Therefore, if people are pushed 
together closer and closer, they will 
form large formal groups just as mole- 
cules of a compressed gas form drop- 
lets of lacuid: 


Go on to the next page 
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Compression (continued) 


Passage Comparison (Analogy) 
In other words, it may be 
concluded that if a gas is com- 
pressed continuously at a constant 
temperature which is below a 
particular temperature specific to 
each gas, the gas will liquify. 


Go on to the next page 
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COMPRESSION ANALOGIES TEST 


Tl “Goodsis.to.badias light 15 to: 


(a) bulb 
(b) dark 
(c) evil 
(d) angelic 
(e) white 
2.) VJaneyvis oto wonn as .qir)] 1S, to: 

(a) lady 
(b) Miss 
(c) boy 

(d) woman 
(e) Mister 


3. People are to attractive forces among people as molecules are to: 


(a) repulsive forces among molecules 
(b) the temperature of the gas 

(c) repulsive forces among people 

(d) attractive forces among molecules 
\e) the pressure of the gas 


4. Molecules in a gas at room pressure are to molecules in a compressed 
gas as people who live far apart are to: 


(a) molecules 

(b) people who move very quickly 
(c) weak attractive forces 

(d) strong attractive forces 

(e) people who live close together 


5. Groups of people are to groups of molecules as friendship is to: 


cities 


(a) love 

(b) hatred 

(c) attractive forces 

d) repulsive forces 
) 


Go on to the next page 
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Compression Analogies Test (continued) 


10. 


Compression of a gas is to molecular clusters as people living 
Hhicutaeseare To: 


(a) people living in the country 
b) people moving more slowly 
c) attractive forces 
d) gangs 
e) love 
People who live close together are to friendship as molecules which 
are far apart are to: 
(a) heating of a gas 
(b) weak attractive forces 
(c) compression of a gas 
(d) strong attractive forces 
(e) love 


Compression of a gas is to expansion of a gas as people moving 
from the country to the city are to: 


(a) strong attractive forces 

(b) weaker attractive forces 

(c) people moving from the city to the country 
(d) molecules moving closer together 

(e) molecules moving farther apart 


People are to large formal groups as molecules are to: 
(a) motorcycle gangs 

b) strong attractive forces 

c) weak attractive forces 

d) noticeable groups of people 

e) droplets of liquid 


Continuous compression of a gas is to droplets of liquid as moving 
from the country to the city is to: 


(a) friendship groups 

(b) large formal groups 

(c) greater hostility among groups 
(d) social chaos 

(e) molecules of a gas 


Go on to the next page 
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COMPRESSION TEST 


1. The stated conditions under which the reasoning in the passage 
holds were: 


(a) 


2. When the 


The gas is compressed continuously at constant pressure 
which is below a particular temperature specific to 
each gas 


The gas is compressed continuously at a constant 
temperature which is below a particular temperature 
specific to the gas 


Gases which have intermolecular forces are compressed 


The compressed gas is assumed to have no inter- 
molecular forces, but must be below a specific tempera- 
ture during compression 


The gas is compressed continuously at a particular 
temperature specific to the gas 

molecules are close to each other: 

the repulsive forces become weaker 


the effect of the attractive forces among molecules 
becomes less noticeable 


the molecules become smaller 


the attractive forces among the molecules are depen- 
dent on the temperature 


the attractive forces become stronger 


3. The reason why the molecules began to group together to form 


clusters 
(a) 
(b) 


Taha: 
the temperature was held constant during the compression 


the attractive forces concentrated more and more in 
the molecules as they became smaller and smaller 


the average speed of the molecules decreased 


the attractive forces among the molecules became 
stronger when the molecules were pushed closer 
together 


the molecules began to form clusters because they 
were cooler 
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Compression Test (continued) 


4. Which one of the following statements follows directly from the 
reasoning used in the passage? 


(a) If a gas has no intermolecular forces, it would 
not condense when compressed 


(b) A gas condenses when compressed because compression 
cools the gas 


(c) A liquid occupies less volume than a gas because 
the molecules of a liquid are smaller than those of 
the gas due to compression 


(d) The molecules in a compressed gas move faster even 
though the gas is held at constant temperature 


(e) A gas which has intermolecular forces will ultim- 
ately condense when compressed no matter what the 
temperature of the gas is as long as the temperature 
1s held constant 

5. When the volume of a certain amount of gas is decreased, the: 

(a) temperature decreases 

(b) molecules decrease in size 


(c) molecules decrease in size; therefore, the attractive 
forces among molecules increase 


(d) weight of the molecules decreases 
(e) attractive forces among the molecules increase 
6. When gases are compressed at constant temperature, the molecules 
begin to form clusters when the: 
(a) molecules slow down enough 


(b) average kinetic energy decreases enough 
(c) molecules are close enough 

(d) molecules become small enough 

(e) volume is increased enough 


7. While a gas is being compressed the: 
(a) molecules become smaller 
) attractive forces increase 
) temperature of the gas decreases 
(d) kinetic energy uf the molecules decreases 
) 


molecular speed decreases 
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Compression Test (continued) _ 


Use the information below to answer questions 8 to 10 inclusive. 


Jar A Jar B 
Bk yj, Air in Jar A Air in Jar B 


a4 Paes eeaee 
ar | — Balloon | Of tartoon 


The two balloons were blown up with air so that they had identical volumes 
when they were at room pressure. They were then inserted into the 


jars which were stoppered. The pressures of the air inside the jars 
were changed so that the balloon in jar A became much larger than the 
balloon in jar B as shown in the diagram. The temperature of the jars 
and contents were the same in both cases. 


8. One can conclude that the air pressure: 
(a) is greater in jar A than in jar B 


(b) is greater in the balloon in jar A than it is in 
the balloon in jar B 


(c) is Jess in jar A than in jar B 


(d) is the same in the balloon in jar A as it is in 
the balloon in jar B 


(e) is greater in jar A than in the balloon in jar A 


9.  Qne can conclude that the strength of the attractive forces among 
the molecules after the pressure was changed: 


(a) is greater in the balloon in jar A than in the 
balloon in jar B 


(b) is the same in the balloon in jar A as in the 
balloon in jar B 


(c) is greater in jar A than in jar B 

(d) is less in jar A than in jar B 

(e) is greater in jar B than in the balloon in jar B 
10. Which molecules would be the nearest to forming clusters of 

molecules? 

(a) The gas molecules inside jar A 

(b) Tne gas molecules inside the balloon of jar A 

(c) The gas molecules inside the balloon of jar B 
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Compression Test (continued) 


(d) The gas molecules inside jar B 
(e) None of the above 


11. If a gas were allowed to expand at constant temperature: 
(a) the molecules would become larger 
(b) the intermolecular forces of the gas would increase 
(c) the molecules would move farther apart 
(d) the kinetic energy of the molecules would increase 
(e) the distance between the molecules would decrease 


12. Equal volumes of gaseous water and gaseous ammonia were placed into 
two cylinders at the same temperature. The two gases were both 
compressed to equal volumes and the water molecules began to form 
clusters whereas the ammonia did not. The temperature was kept 
the same in both cylinders throughout the compression. One may 
conclude from these observations that: 


(a) gaseous water is easier to compress than gaseous 
ammonia 


(b) the attractive forces among the water molecules are 
stronger than those among the ammonia molecules 


(c) the water molecules had greater kinetic energy than 
the ammonia molecules 


(d) the attractive forces among the water molecules are 
weak in comparison to those among the ammonia 
molecules 


(e) the water molecules have a greater average speed 
than the ammonia molecules 
13. If you had a sample of liquid water molecules and a sample of 
gaseous water molecules, you could conclude: 


(a) the gaseous water molecules were at a higher 
temperature than the liquid water molecules 


(b) the gaseous water molecules are at the same 
temperature as the liquid water molecules 


(c) the attractive forces among the molecules in the 
liquid are stronger than those among the molecules 
in the gas 


(d) the molecules in the gas are larger than those in the 
liquid 
(e) the two samples must be under different pressures 
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Compression Test (continued) 


Since each known substance on the earth can exist as a gas, a 
liquid, and a solid, we may conclude: 


(a) no substance can get any colder than its freezing 
temperature 


(b) the Kinetic Molecular Theory is a perfect theory 


(c) all gases can be turned to liquids simply by 
compressing them 


(d) there can only be three states of matter 


(e) all molecules must have attractive forces for 
each other 


Consider two cylinders containing equal numbers of molecules of 
gases X and Y. Both gases are at the same temperature. The 
molecules of gas X are a greater average distance apart than the 
molecules of gas Y. Which of the following statements is a 
conclusion which follows from this information? 


(a) The molecules in gas Y have weaker attractive 
forces among them than the molecules of gas X 


(b) The average kinetic energy of gas X molecules is 
greater than that of gas Y molecules 


(c) The volume of the cylinder containing gas X is 
smaller the volume of the cylinder containing 
gas Y 


(d) The pressure of the cylinder containing gas Y is 
greater than the pressure on the cylinder contain- 
ing gas X 


(e) The average kinetic energy of gas X molecules is 
less than that of gas Y molecules 


Assume that attractive force is the only factor which determines 
how much a gas must be compressed before it forms a liquid. 

When gases A and B were compressed under equal pressures and 
temperatures to form liquids, gas A began to liquify before gas B. 
After both gases have formed liquids, the two liquids were 
allowed to evaporate at the same temperature. Which of the 
following statements would be true? 


(a) Liquid A would evaporate faster than liquid B 
(b) Liquid A would evaporate slower than liquid B 


(c) You cannot predict the rate of evaporation from 
the information given 
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Compression Test (continued) 


(d) Liquid A would evaporate at the same rate as 
liquid B because they both came from compressed 
gases 


(e) Gas B has stronger attractive forces among its 
molecules than does gas A 
17. In question 16, the gas molecules began to precipitate as droplets 
of liquid when: 
(a) the gas was cooled 


(b) the weight of the molecules increased enough 
(c) the distance between the gas molecules increased 
(d) the gas molecules could no longer hold them 


in suspension 
(e) the volume of the gas was ultimately increased 


18. Clouds are composed of large enough clusters of water to be visible 
to the naked eye. Yet, not every cloud produces a rain storm. 
This is because the: 


(a) clusters of water in the cloud are held up by 
the repulsive forces between the water molecules 
and the air molecules 


(b) clusters of water in the cloud are held in the 
cloud by the attractive forces of the other 
clusters in the cloud 


(c) clusters of water in the cloud are still small 
enough so they are held in suspension by air 
molecules 


(d) attractive forces among water molecules are very 
weak 


(e) attractive forces among water molecules are very 
strong 
19. The over-all conclusion in the passage was: 


(a) When a gas is compressed, the temperature of the 
gas remains constant 


(b) By compressing the gas continuously, the molecules 
of the gas become smaller and therefore have 
stronger attractive forces because they become 
concentrated 
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Compression Test (continued) 


(c) Compressing a gas decreased the attractive 
forces among molecules, therefore, the gas 
condenses 


(d) If a gas is compressed continuously at a 
constant temperature which is below a partic- 
ular temperature specific to the gas will 
condense to form a liquid 


(e) The closer molecules are to each other, the 
stronger the attractive forces among them 
20. If the pressure above a liquid is reduced the: 


(a) average speed of the molecules in the liquid 
increases 


(b) average kinetic energy of the molecules in the 
liquid increases 


(c) concentration of molecules above the liquid 
increases 


(d) rate of evaporation of the liquid will 
increase 


(e) temperature of the molecules above the liquid 
will increase 


STOP: Do not turn this page until you are asked to do so. If you 
are finished before time is called, check your work. 
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DIFFUSTON 


The following paragraphs illustrate how the Kinetic Molecular 
Theory can be used to explain gas diffusion. 

Gas diffusion refers to the spontaneous mixing of two or more 
gases when they are placed in contact with each other. 

Consider the following reasoning concerning the diffusion 
through air contained in a pipe of a mixture of equal amounts of two 
pure gases whose molecules have very different weights. 

If the temperature of the two gases in the mixture is the same, 
then the molecules of the gases have the same kinetic energy. If the 
molecules have the same kinetic energy, then the lighter molecules have 
greater average speed than the heavier molecules. If this happens, 
the lighter gas molecules travel their zig-zag course or diffuse faster 
among the air molecules in the pipe than the heaview gas molecules. 

Therefore, if the temperatures of the two gases in the mixture 
are equal, the lighter gas traverses or diffuses faster among the 
air molecules in the pipe than the heavier gas. 

If the lighter gas diffuses faster, then the average-speed 
_ light molecules reach the end of the pipe before the average-speed heavy 
molecules. If this happens, a sample removed at the end of the pipe 
at this time will be richer in light molecules than in heavy 
molecules. 

Since the sample is richer in light molecules, then by repeatedly 
diffusing, collecting, and re-diffusing the sample, the light molecules 
can be separated from nearly all of the heavy molecules. 

Therefore, if the temperatures of the two gases in the mixture 
are equal, then by repeatedly diffusing, collecting, and re-diffusing 
the sample, the light molecules can be separated from nearly all of 
the heavy molecules. 

In other words, it may be concluded that a mixture of the two 
gases, whose molecules have very different weights, can be separated 


by diffusion. 
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DIFFUSION ANALOGY - A COMPARISON 


Gas diffusion can be explained by comparing molecules of a gas 
to a group of students mixing with the crowd after entering a busy 


fairground. 
Assume that half the students weigh 100 pounds and that the 
other half weigh 250 pounds. Furthermore, assume that all students 


have equal strength, just as both gases in the mixture have the same 
temperature. 

If all students have the same strength, they will all have 
the same average kinetic energy because while the 100 pound students 
are lighter, their average speed will be greater as they move among the 
people at the fair. If their average speed is greater, the leading 
light students will travel farther in the same amount of time along 
the fairground than the leading heavier students. This is comparable 
to light gas molecules diffusing faster than the neavy gas molecules. 

The average-speed light students will reach the opposite end 
of the fairground faster than the average-speed heavy students. If 
the students who are first to arrive at the far end of the fairground 
are gathered into a group, then this group will be considerably 
richer in light students than in heavy students. 

This group of students is then allowed to enter a second fair- 
ground. Those who arrive first at the far end of the second fairground 
are gathered and started into a third fairground. This process is 
repeated through a number of fairgrounds. The resulting collection 
of students at the far end of the last fairground will contain mostly 
light students and very few heavy ones. 

Therefore, the light and heavy students have been separated, 
just as the light and heavy gases were separated. 


Go on to the next page 


< 

a ae 
HOLA 

hs - * = 


) od 89 not 


is cance = 


yeud 6 pirtveasio | perxim 2disbi 
7 - a 
one se “Ons ative a - is hats ott Wad Fm 
gsnghite The Sang madd Prams. edad oes te Ve 
aie? wilt SRA Sy wid Tat mn ) Atod es Jautte sehen 


oven’ [fs fT ewes . . fe ens oan eimabud2 pes - —_ 
atuabusie: brag 90 "ont 7 i , guage: ywione oFanta opayeve sie S49 * 
ard, pn onh dyont yan?) é 184 ans i borg? 2eeveve Thorns - vosdptt 
tnt bast ork sefaig ar ae ayn viscid FL Pst edt 9s ‘otqooq) uM 
pnole ‘Sima 76 J Auioms, si 4 oe f wertivs? lavew Titw pinebuse 
ol dersaiedvet etn, ae pa pu pntbast aht nerdy apne : 
2A fogeTom 2ap: ey 2 ud * beh jrtevit ns eefusgtom zap drpth ot 
bre Ad? agg “Ay nots Uf 1 be memennte sich! besqe-spstevs sat “8 © - 
41. -po mabe e yorqt ® sat -aD: ae ens Noid reves? bavorprtsY sit 90 
brudapny ey aay 10 ‘bits aL: +18 i Byp4& 05 sadt® svn odw etnsbute ott 
vfdavehbarins, ‘od ; ee ine pand holt ,QuOrg 6 otat bevariisg 916 * 
eset een at noid 2apbute dpi t ar vette z 


he Me 
ny at onodse t Se enlet a + Da ; jad 2? cInsbute 70 quo 2TaT Pay oy 


bayoron hat tingase ans w: 9, Ds 325) avivis olfy szodT st * 
27 zansong 2tit! a I a “ds ott bedw6ee bis tebe. 8 
a | tur priar Yo sda 6 Aquowd b 
HBT edt Yo boo we¥ one vs 
No Vvnor wot. wav: boé etnebuse Jf 
eed brie IripiT sat’ ome st 
Me ee2cy yvssi brit digit ov 
mrrirrs 
i,’ ~~ an 
ie +4 ae J iw ; 


noid 9aEl on yqaitartne 
ylozamn mimi rata 


ybsternase néad- oved 


a 


DIFFUSION 


The following paragraphs illustrate how the Kinetic Molecular 
Theory can be used to explain gas diffusion. 

Gas diffusion refers to the spontaneous mixing of two or more gases 
when they are placed in contact with each other. 

Gas diffusion can be explained by comparing molecules of a gas to 
a group of students mixing with the crowd after entering a busy fair- 
ground. 

Consider the following reasoning concerning the diffusion through 
air contained in a pipe of a mixture of equal amounts of two pure gases 
whose molecules have very different weights. 

Assume that half the students weigh 100 pounds and that the other 
half weigh 250 pounds. Furthermore, assume that all students have equal 
strength, just as both gases in the mixture have the same temperature. 

If the temperature of the two gases in the mixture is the same, 
then the molecules of the gases have the same kinetic energy. If the 
molecules have the same kinetic energy then the lighter molecules have 
greater average speed than the heavier molecules. If this happens, 
the lighter gas molecules travel their zig-zag course or diffuse faster 
among the air molecules in the pipe than the heavier gas molecules. 

If all students have the same strength, they will all have the same 
kinetic energy because while the 100 pound students are lighter, their 
average speed will be greater as they move among the people at the fair. 
If their average speed is greater, the leading light students will travel 
farther in the same amount of time along the fairground than the leading 
heavier students. 

Therefore, if the temperatures of the two gases in the mixture 
are equal, the lighter gas traverses or diffuses faster among the air 
molecules in the pipe than the heavier gas. 

This is comparable to light gas molecules diffusing faster than 
the heavy molecules. 
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Diffusion (continued) 


If the lighter gas diffuses faster, then the average-speed light 
molecules reach the end of the pipe before the average-speed heavy molecules. 
If this happens, a sample removed at the end of the pipe and at this time 
will be richer in light molecules than in heavy molecules. 

The average-speed light students will reach the opposite end of the 
fairground faster than the average-speed heavy students. If the students 
who are first to arrive at the far end of the fairground are gathered into 
a group, then this group will be considerably richer in light students than 
in heavy students. 

Since the sample is richer in light molecules, then by repeatedly 
diffusing, collecting, and re-diffusing the sample, the light molecules can 
be separated from nearly all of the heavy molecules. 

This group of students is then allowed to enter a second fairground. 
Those who arrive first at the far end of the second fairground are gathered 
and started into a third fairground. This process is repeated through a 
number of fairgrounds. The resulting collection of students at the far 
end of the last fairground will contain mostly light students and very few 
heavy ones. 

Therefore, if the temperatures of the two gases in the mixture 
are equal, then by repeatedly diffusing, collecting, and re-diffusing the 
sample, the light molecules can be separated from nearly all of the heavy 
molecules. 

In other words, it may be concluded that a mixture of the two 
gases, whose molecules have very different weights, can be separated by 
diffusion. 

Therefore, the light and heavy students have been separated, just 


as the light and heavy gases were separated. 
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DIFFUSION 


Passage 


Comparison (Analogy) 


The following paragraphs 


illustrate how the Kinetic Molecu- 
lar Theory can be used to explain 
gaSoditffusion. 

Gas diffusion refers to the 
Spontaneous mixing of two or more 
gases when they are placed in con- 
tact with each other. 

Consider the following 
reasoning concerning the diffusion 
through air contained in a pipe of a 
mixture of equal amounts of two pure 
gases whose molecules have very 
different weights. 

If the temperature of the 
two gases in the mixture is the 
same, then the molecules of the 
gases have the same kinetic energy. 
If the molecules have the same kin- 
etic energy, then the lighter 
molecules have greater average 
speed than the heavier molecules. 
If this happens, the lighter gas 
molecules travel their zig-zag 
course or diffuse faster among 
the air molecules in the pipe 
than the heavier gas molecules. 


Gas diffusion can be explained 
by comparing molecules of a gas to a 
group of students mixing with the 
crowd after entering a busy fairground. 

Assume that half the students 
weigh 100 pounds and that the other 
half weigh 250 pounds. Furthermore, 
assume that all students have equal 
strength, just as both gases in the 


mixture have the same temperature. 


If all students have the same 
strength, they will all have the same 
kinetic energy because while the 100 
pound students are lighter, their 
average speed will be greater as they 
move among the people at the fair, If 
their average speed is greater, the 
leading light students will travel 
farther in the same amount of time along 
the fairground than the leading 
heavier students. This is comparable 
to light gas molecules diffusing faster 


than the heavy gas molecules. 
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Diffusion (continued) 


Passage 


Bt 


Comparison (Analogy) 


Therefore, if the tempera- 


tures of the two gases in the 
mixture are equal, the lighter gas 
traverses or diffuses faster among 
the air molecules in the pipe than 
the heavier gas. 

If the lighter gas diffuses 
faster, then the average-speed 
light molecules reach the end of the 
pipe before the average-speed heavy 
molecules. If this happens, a 
sample removed at the end of the 
pipe and at this time will be richer 
in light molecules than in heavy 


molecules. 


The average-speed light 
Students will reach the opposite end 
of the fairground faster than the 
average-speed heavy students. If 
the students who are first to 
arrive at the far end of the fair- 
ground are gathered into a group, 
then this group will be considerably 
richer in light students than in 
heavy students. 

This group of students is 
then allowed to enter a second fair- 
ground. Those who arrive first at 
the far end of the second fairground 
are gathered and started into a 
third fairground. This process is 
repeated through a number of fair- 
grounds. The resulting collection 
of students at the far end of the 
Jast fairground will contain mostly 
light students and very few heavy 


ones. 
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Diffusion (continued) 


Passage Comparison (Analogy) 


Therefore, if the tempera- Therefore, the light and 


tures of the two gases in the heavy students have been separated, 
mixture are equal, then by repeat- just as the light and heavy gases 
edly diffusing, collecting, and were separated. 
re-diffusing the sample, the light 
molecules can be separated from 
nearly all of the heavy molecules. 
In other words, it may be 
concluded that a mixture of the 
two gases, whose molecules have 
very different weights, can be 


separated by diffusion. 


Go on to the next page 
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DIFFUSION ANALOGY TEST 


Good is to bad as light is to: 


bulb 
dark 
evil 
angelic 
white 


lady 
Miss 
boy 
woman 
Mister 


The original group of students is to their movement among the people 
at the fair as the gas molecules in the mixture are to: 


The 
the 


The 
lar 
250 


100 


temperature 

pressure 

air molecules 

diffusion through air 

speed of the molecules of the mixture 


pound and 250 pound students are to their equal strength as 


molecules of the two gases in the mixture are to: 


) 


c 


(a 
(b) 
(c) 
(d) 
(e) 


their equal average volumes 

their equal average speeds 

their equal temperature 

their equal average numbers of molecules 
their equal average potential energies 


average speed of the 100 pound students is to the average molecu- 
Speed of the lighter gas molecules as the average speed of the 
pound students is to: 


(a) 
(b) 
(c) 


the average kinetic energy of the heavier gas molecules 
the average temperature of the heavier gas molecules 
the average temperature of the lighter gas molecules 
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Diffusion Analogy Test (continued) 


(d) the average pressure of the heavier gas molecules 
(e) the average molecular speed of the heavier gas molecules 
6. The molecules in the mixture of gases are to the air molecules as 
the students: are to: 
(a) the speed of the students 


(b) the people at the fair 

(c) the strength and stamina of the students 
(d) the temperature of the air 

(e) the length of the students' legs 


7. The students are to the fairground as the molecules of the mixture 
are to: 


(a) the heavy molecules 
(b) the light molecules 
(c) the pipe 
(d) air molecules 
(e) the obstacles 
8. The equal kinetic energy of the students is to their equal strength 
as the equal kinetic energy of the molecules is to: 
their equal molecular size 
their equal temperature 


) 

) 

) their equal volumes 

) their equal numbers of molecules 
) 


their equal pressures 


9. The sample taken which contains more light than heavy molecules is 
to the end of the pipe as the group of students which contains 
more 100 pound students than 250 pound students is to: 


(a) sample selection 

(b) the people at the fair 

(c) the fairground 

(d) the opposite end of the fairground 
(e) the students at the fair 
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srutxta odt Yo 28fule ton ae ameBRmDNp I st ond ere ka 
éafuns fom west ta) 


| sa{uoalon vam me . 


a 
calostedo sit oh 
¥0 eg ee Hy Teas on 7 
= b son Teupa atads (5) 
\ eursseqnss taupe thedt (d) 
_ demu Lov (supa tisdd bank te i 7 
Po ero0m Faupetteds © (b) = 
giy2 24 feupe steda {s) 


BAT GI NOD en ae 
2 oN: zB oqty: a a 
ety 1 sanobute Bryon 0 ‘a 


notj2e! 


- 


ate a ee 
. | ee ie 7 
a f cae 


Yo bre s3f 


= 7 ae ot : 7 


326 
Diffusion Analogy Test (continued) 


10. The number of light students in the group collected at the opposite 
end of the fairground is to the few heavy students as the number 


of light molecules in the sample taken at the end of the pipe is 
to: 


the original gas mixture 


a few heavy molecules 


(a) 
(b) 
(c) more light molecules 
(d) a few light molecules 
(e) 


a pure sample of heavy molecules 
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DIFFUSION TEST 


1. The stated conditions under which the reasoning in the passage 


holds were: 

{a) The mixture of the two pure gases whose molecules 
have different molecular weights was allowed to diffuse 
through a vacuum 

(b) The two pure gases were not at the same temperature 
originally 

(c) The mixture of two gases whose molecules have different 
molecular weights was allowed to diffuse through air 

(d) The mixture of two pure gases was separated into the 
separate gases before they were allowed to diffuse 
through air 

(e) The mixture of two pure gases whose molecules had the 


same weights was allowed to diffuse through air 


2. Which of the following statements about the two gases in the passage 
TSeCORKECL: 


(a) 


(b) 


(e) 


The molecules of the lighter gas move faster because the 
lighter molecules nave more kinetic energy than the 
heavier molecules 


The molecules of the lighter gas move faster because they 
are at a higher temperature than the molecules of the 
heavier gas 


The molecules of the lighter gas move faster than the 
molecules of the heavier since the light and heavy 
molecules have the same average kinetic energy 


If the temperature of both gases was increased, the 
molecules of the heavier gas will then move as fast as 
the molecules of tne lighter gas 


The two gases would move at the same speed if they were 
at the same temperature 


3. The lighter gas diffuses faster than the heavier gas because: 


(a) 
(b) 


(c) 


The lighter gas molecules have a greater average speed 
than the heavier gas molecules 


The Kinetic Molecular Theory of Matter indicates that the 
difference in rates of diffusion of gases is caused by 
a difference in molecular volume 


The attractive forces among the molecules of the heavier 
gas are greater than the attractive forces amona tne 
molecules of the lighter gas 
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Diffusion Test (continued) 


(d) 
(e) 


The heavier gas molecules, being bigger, have more 
momentum 


328 


The attractive forces among the molecules of the heavier 


gas are less than the attractive forces among the 
molecules of the lighter gas 


4. Which one of the following statements follows directly from the 
reasoning used in the passage? 


(a) 
(b) 


5. Since the two gases had the same temperature, they had the same: 


(a) 


Two gases which have molecules which weigh the same 
would have the same temperature 


The kinetic energy of the light gas molecules is 
different from the kinetic energy of the heavy gas 
molecules 


The gas having the slowest rate of diffusion will 
arrive at a certain point after the gas having a 
faster rate of diffusion 


Molecules move faster when they diffuse through air 
than do the air molecules 


When considering diffusion of a gas through air, the 
air molecules are assumed to be motionless 


molecular volume 

average kinetic energy 

amount of heat 

average speed of molecules 

average distance between the molecules 
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Diffusion Test (continued) 


Questions 6 and 7 refer to the following situation. A student 
uncorks two identical bottles in a still room (no air currents). Each 
bottle contains a different gas, but both gases are at the same tempera- 
ture. He places the uncorked bottles beside each other and sits down 
about six feet away from them. He smells the odour of gas A before 
the odour of gas B. 


6. Which of the following statements concerning the gases is correct? 


(a) Gas A travels through air by the process of diffusion 
Slower than gas B 


(b) Gas A diffuses at a faster rate than gas B 
(c) Gas B has a greater average molecular speed than gas A 


(d) The average kinetic energy of gas A molecules is 
greater than the average kinetic energy of gas B 
molecules 


(e) Since the molecules of gas A are lighter than the 
molecules of gas B, gas B molecules will diffuse 
faster 


7. Which statement about the molecules of the gases is correct? 


(a) The average kinetic energy of the molecules of gas A 
is greater than the average kinetic energy of the 
molecules of gas B 


(b) The average speed of the molecules of both gases is 
the same 


(c) The average speed of the gas molecules will be greater 
than the average speed of the air molecules 


(d) The average speed of the molecules of gas A is greater 
than the average speed of the molecules of gas B 


(e) The average speed of the gas molecules will be less 
than the average speed of the air molecules 


Go on to the next page 
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Diffusion Test (continued) 


Questions 8 to 13 inclusive refer to the following diagram: 


Gas A . Gas B 


Initially the hypodermic syringe on the left contains gas A and the 
Syringe on the right contains gas B. Both gases are at the same tempera- 


ture. The glass tube is filled with air in which there are no air 
currents. It is known that when gas A and B meet they react chemically 
to form a white smoke. Gases A and B are different gases in each of 


the following experiments. 


8. In the first experiment, a small amount of each of the gases is 
injected into the tube at the same time. After a period of time 
a smoke is observed in region 1. This indicates: 


(a) The molecular weight of gas A is less than the 
molecular weight of gas B 


(b) The average kinetic energy of gas A molecules is 
greater than the average kinetic energy of gas B 
molecules 


(c) The molecular weight of gas A is greater than the 
molecular weight of air 


(d) The weight of the molecules of gas A is greater 
than the weight of the molecules of gas B 


(e) The average kinetic energy of gas A molecules is 
less than the average kinetic energy of gas B 
molecules 


9. In the second experiment, the smoke is first observed in region 2 
after a small amount of each of the gases (not the same two as in 
question 8) was injected into the tube at the same time. From 
this observation one could conclude: 


(a) The rates of diffusion of the two gases must be equal 
(b) The potential energies of the two gases must be equal 


(c) If it were not known that the temperatures of the two 
gases A and B were equal, this would indicate that the 
temperatures were equal 


(d) The molecular weight of gas A is greater than the 
molecular weight of gas B 


(e) The gases in hypodermic syringes A and » would have 
to be the same gas 


Go on to the next page 
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Diffusion Test (continued) 
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(+4 Saeanie a oe 
Gas A. Gas B 


In a third experiment it was noted that when gases A and B were 
at the same temperature, initially the smoke formed in region 3. 
If gas B was heated to a temperature above the temperature of 

gas A, in what region would you observe the formation of smoke? 


(a) To the right of region 3 
(b) To the left of region 3 
(c) In region 3 
(d) In region 1 
(e) In region 2 


In a fourth experiment, two gases A and B were injected. A white 
smoke was first observed in region 3. Then the two were replaced 
by two chemicals X and Y which had identical molecular weights to 
gases A and B, respectively. The air in the glass tube was 
replaced with water. The experiment was then repeated by inject- 
ing the chemicals X and Y into the water. When the two chemicals 
met, a white solid was formed. The results of the two experiments 
were compared. Using your knowledge about the diffusion process, 
which of the following predictions is a correct one? 


(a) You cannot make any predictions because the experi- 
ments are not comparable 


(b) The white solid would form to the right of region 3 
(c) The white solid would form to the left of region 3 


(d) The white solid would form in region 3, but it would 
take much longer to form than in the case of the 
white smoke formation 

(e) The white solid would form in region 3, but it would 
not take nearly as long as it did for the white 
smoke to form 


In a fifth experiment, with the glass tube again filled with air, 
the two gases A and B were injected at the same time and allowed 
to stand for some considerable period of time after the smoke 
was first observed in region 3. Smoke was then observed over 
the entire length of the tube. This is an example of: 


(a) air currents 
) convection 
) expansion 
(d) diffusion 
) condensation 
Go on to the next page 
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Diffusion Test (continued) 


13. In a sixth experiment gases A and B were injected into the tube 
filled with air. It was noted that it took ten minutes for the 
smoke to appear in region 3. Then all of the air was removed 
from the tube and the two gases were injected. The entire tube 
filled with white smoke immediately. The best explanation for 
the difference in behaviour of the gases in the described 
Situationse 1S% 


(a) The molecules of air keep the two gases apart because 
air is a good heat insulator 


(b) The molecules of the two gases would be closer to- 
gether when they are in an evacuated tube, then when 
there is air in the tube 


(c) When the gases enter the air filled tube they must 
diffuse through air molecules, whereas in an evacuated 
tube diffusion is faster because there are no air 
molecules through which the gas molecules must find 
their way 


(d) Chemical reactions between gases take place faster in an 
evacuated tube than in an air filled tube 


(e) In an evacuated tube the gas molecules can travel straight 
toward each other, whereas, in an air filled tube 
expansion takes place. 

The following information is for items 14 and 15. A mixture 
containing equal numbers of molecules of each of two gases (X and Y) is 
placed in a large metal sphere which has a very tiny (microscopic) 
hole in it. The rate at which a gas will leak out of the sphere will 
depend on the number of times the molecules of that gas strike the side 
of the sphere. It is found that the mixture of gases leaking from 
the hole has many more molecules of gas X in it than molecules of gas Y. 


14. From this observation one can conclude that: 


(a) The hole is not big enough for the heavy gas Y 
molecules to pass through 


(b) Gas X molecules have a faster average molecular speed 
than gas Y molecules 


Go on to the next page 
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Diffusion Test (continued) 


(c) The molecules of gas X have a lower kinetic energy 
than gas Y molecules 


(d) The temperature of the two gases could not possibly 
have been the same 


(e) None of the above is a correct conclusion 


A second conclusion one can draw from this observation is that: 


(a) The molecules of gas X have a higher average kinetic 
energy than gas Y molecules 


(b) The weight of each gas X molecule is greater than 
that of each gas Y molecule 


(c) The weight of each gas X molecule is less than that 
of each gas Y molecule 


(d) Gas X molecules have a slower average speed than 
gas Y molecules 


(e) Gas Y molecules would diffuse through another gas 
at a faster rate than gas X molecules 

If you wished to separate two gases by the process of diffusion, 
you must choose two gases with molecules which have: 

(a) different volumes 

(b) different temperatures 

(c) different weights 

(d) all of the properties in a, b, andc 

(e) none of the properties in a, b, and c 
A student had a container of a mixture of laughing gas, tear gas, 
and a deadly poisonous gas. He tried to separate them by diffus- 
ing the mixture through a tube filled with air. The weight of a 
tear gas molecule is much greater than the weight of a laughing 
gas molecule. The poisonous gas has a lesser average speed than 
the tear gas. He made the mistake of detecting the gases at the 


other end of the pipe by smelling for them as they arrived. If 
each gas did its job, we can conclude: 


(a) He never got past the first gas 


(b) He laughed, then cried, then died 

(c) mele feriied® “thensdied 

(d) He laughed, then died 

(e) You can't tell what would happen when he smelled the 


first gas to arrive 
Go on to the next page 
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Diffusion Test (continued) 


1S: 


20. 


STOP: 


The gas which arrived at the end of the pipe first in question 
ee 

Had the greatest kinetic energy 

Had the lightest molecules 


(a) 

(b) 

(c) Was at the lowest temperature 

(d) Had the slowest rate of diffusion 
(e) 


Had the slowest moving molecules 


The over-all conclusion in this passage was: 


(a) Temperature is a measure of the average speed of 
molecules 


(b) Lighter molecules can be separated from the heavier 
molecules by allowing a mixture of the gases to 
diffuse through air 


(c) Some molecules are lighter than other molecules and 
the lighter molecules diffuse faster 


(d) The molecules of the lighter gas differ in a number 
of respects from the molecules of the heavier gas 


(e) The gas which has the fastest rate of diffusion has 
the weakest attractive forces among its molecules 


When the mixture of two gases diffuse through the air in the 
pipe: 
(a) the molecules of the two gases constantly collide 
with each other, but not with the air molecules 


(b) the molecules of the gases travel the shortest 
possible distance from one end of the pipe to the 
other end 


(c) some of the heavy molecules may travel along the 
pipe as fast as some of the light molecules 


(d) the molecules which reached the end of the pipe 
first were at no time moving at a speed less than 
the average speed along the way 


(e) the molecules would diffuse faster through the pipe 
if the pressure in the pipe was greater 


Do not turn this page until you are asked to do so. If you 
are finished before time is called, check your work, 
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SCENARIO: COMPRESSION SIMULATION 


The demonstration was opened with the comment, "I would like to 
show you that if a gas is compressed enough it will turn into a 
liquid." "This tank represents a cylinder into which some gas molecules 
will be placed." The balls were placed in the four corners of the 
tank and one was placed in the middle. 

"These styrofoam balls represent molecules in the gaseous state. 
"When they are far apart as they are now, the attractive force between 
the balls is negligible." The piston was then pushed along the top of 
the tank pushing the balls closer together. 

"This board represents a piston. Pushing it along the top of 
the tank represents compressing a gas in a cylinder. Notice the 
decreasing space the balls occupy." Soon some of the balls started to 
attract each other. "Observe that as the balls move closer together, 
they begin to attract each other because when they are close enough 
the attractive forces among the balls become strong enough to pull 
them together. In the same way, when a gas is compressed, the mole- 
cules move closer together and begin to attract each other to form 
clusters of molecules." 

The "piston" was then pushed along the tank further until all 
the balls attracted each other and formed into one conglomerate mass. 

"Notice that as the compression is continued, the balls move 


closer and closer together until they begin to form large clusters of 
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molecules. These larger eis tehe are like droplets of jiquid. When 
they become large enough they can no longer be suspended by the gas 

and they fall out of the gas, or precipitate." To demonstrate the 
concept of critical temperature the following explanation was used. The 
demonstrator took two of the balls and set them apart at a distance such 
that they attracted each other and formed a dyad. 

"Notice that if the balls are placed a distance of six inches 
from each other they will attract each other. However, molecules do 
not remain in one place but are in constant motion. Their motion is 
dependent on the temperature of the gas. The higher the temperature, 
the faster the molecules move. Now let us take these two balls and 
start them in a slow motion parallel to each other at the same distance 
as before. Again we observe the molecules come together. This time 
we will repeat the procedure at the same distance and direction but we 
will make the balls move at a greater speed." 

The balls were then sent parallel to each other at a much 
greater velocity. "Notice that when the speed of the balls is fast 
enough the balls attract each other but they by-pass each other because 
the attractive force is not great enough to bring them together at 
these high speeds. In the same way, molecules can not be moving too 
fast or the attractive forces will not be strong enough to hold them 
together. Since the speed of molecules is indicated by their tempera- 
ture, we can insure low speed by having low temperatures. For each 
gas there is a temperature, called the critical temperature, above which 


a gas will not condense under compression because the molecules are 
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moving too fast. In other words, above the critical temperature the 
molecules will not be held together by the attractive forces because 
they are moving too fast." 

At this point the balls were again placed in the tank as originally 
and the piston was again moved across the tank until the balls all 
clustered. No commentary accompanied this second repetition except 
the introductory comment, "Let us once more observe the compression 
process." Students were then asked if they had any questions concerning 
the demonstration or the process of liquification of a gas upon com- 
pression. The absence of further questions was taken as an indication 


that students had understood the simulation. 
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SCENARIO: DIFFUSION SIMULATION 


When students were seated ready to begin their science period 


the author said, 


1. "I would like you to participate with me in an experiment today. 
I am going to call out your name and a number. Those of you 
who receive odd numbers are asked to leave the room for about 
five minutes." 

After those with odd numbers had left, the demonstration was 
Opened with the comment, "I am going to demonstrate to you how 


two gases may be separated by diffusing them through air." 


2. The light of the overhead projector was then turned on. 
"T have here a glass box into which I have placed thirty glass 
beads and thirty lead balls all of which as you can see on the 
Screen are the same size. The circles on the screen with the 
light spot in the middle are glass beads whereas the solid 
circles are lead balls. The lead balls are much heavier than 
the glass beads. The larger circles you can see equally spaced 
On the screen are studs which project from the top to the 


bottom glass plates. 


3. The motor was then turned on so the DC began to oscillate back 
and forth causing the balls and beads to be struck by the metal 


studs. The beads and balls moved in an apparently random fashion. 
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The motor was then turned off and the DC was tilted causing the 
beads and balls to roll toward the closed end of the DC. 

"As I said before, I want to use this apparatus to demonstrate the 
diffusion of two gases through air. Let the glass beads 
represent the molecules of one gas and let the lead balls represent 
the molecules of the other gas. The glass beads being the 
lighter spheres will represent the molecules of a light gas 

while the heavier lead balls will represent the molecules of a 
heavier gas. The metal studs will represent air molecules and 
the glass box will represent a pipe through which we will 

diffuse the two gases. Notice that since all the spheres re- 
ceive their kinetic energy by virtue of the motion of the glass 
box, the lead balls will have the same average kinetic energy 

as the glass beads. I am going to turn on the motor and after 
ten seconds we will count the number of eacn kind of sphere which 


comes out the open end of the glass box." 


The motor was then started and after ten seconds was stopped. 

The number of each kind of sphere was recorded on a table on 

the blackboard. The spheres which had exited were returned to 
the chamber after each trail and the DC was tilted to cause all 
the spheres to rol] to the closed end of the DC, before beginning 
the next trial. This procedure was repeated four times. Each 
time the analogous relations between the glass beads and light 
molecules; lead balls and heavy molecules; and metal studs and 
air molecules were explicitly pointed out. The results of ten 


previous trials were then listed on the blackboard. 
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To evaluate whether students had made the analogy correctly the 
following question was asked; "Two gases, one having light 
molecules and one having heavy molecules were allowed to diffuse 
through air in a pipe. Raise your hand if you think the lighter 
molecules would first reach the end of the pipe in greater 


numbers?" It was noted that all students present had raised 


their hands. 


The simulation was terminated at this point and those students who 


had been sent out of the room were recalled. 
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CLASSIFICATION OF MATTER TEST 


Time: 15 minutes 


Number of Questions: 15 


Answers: Indicate all your answers on the SPECIAL ANSWER 
SHEET provided. Use an HB LEAD PENCIL only. Do 
not use ink or ball point pen. MAKE A HEAVY BLACK 
MARK TO FILL THE SPACE BETWEEN THE PAIR OF LINES. 
If you change your mind, erase your first mark 
completely. Do not make stray marks on the answer 
Sheet. 


BLACKEN ONE SPACE ONLY for each question. 


Read the question carefully. Remember, the words used in the questions 
are used in their SCIENTIFIC sense. 


Some questions ask you to select the answer which is FALSE or the one 
which is the EXCEPTION. 


EXAMPLE: 1. All of the following are boys' names except: 


(a) Jim 

(b) John Sample Answer: 

(c) dane 1, MATE 9B 2iee 320 anaubetes 
(d) Jack oo eal ol Oi ke 


For each question, darken the space corresponding to the word or phrase 
which BEST answers the question or BEST completes the sentence. 


You may not use the reading passage during the test. 


There is no penalty for guessing. 


PLEASE DO NOT TURN THIS PAGE UNTIL YOU ARE ASKED TO DO SO 
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THE CLASSIFICATION OF MATTER (T-1) 


The world, and everything in it and on it--including you--are 
made of matter. But what is matter? You may be familiar with the idea 
that matter is "that which has weight and occupies volume." Such a 
definition really does not add much to your understanding of what matter 
is made of. 


In the following paragraphs you will learn about the classifi- 
cation system of matter. 


All matter is made up of very tiny units. These units are called 
CHEMICAL UNITS. 


Two different kinds of chemical units you have probably heard about 
are ATOMS and MOLECULES. 


The chemical units which make up any one piece (sample) of matter 


can be either the same or different. If the chemical units of a sample 
are all the same, then the sample is called a SUBSTANCE. Substances are 
referred to as pure-forms of matter. If, on the other hand, there is 


more than one kind of chemical unit in a sample, the sample is referred 
to as a MIXTURE. Mixtures are referred to as impure forms of matter. 


Notice the special meaning chemists have for the word "substances." A 
"substance" is a pure sample of matter. You might think of a substance 


as being the opposite of a mixture. 


Nearly all samples of matter which are found in nature are mixtures. 
That is, they contain more than one kind of chemical unit. Such samples 
are very hard to study chemically because they have different kinds of 
chemicals in them. Therefore, in the study of matter it is easier to begin 
with the study of substances--(samples of matter in which all the chemical 


units are exactly the same). 
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ELEMENTS 


If all the chemical units of a sample of a substance are ATOMS, 
then the sample of the substance is called an ELEMENT. In other words, 
an ELEMENT is a sample of matter in which all the chemical units are 
atoms and all the atoms are exactly the same. 

Since there are 104 different kinds of atoms, there are 104 
different elements. Elements are given their name because they are 
composed of the elementary (or simplest) chemical units (atoms). 
Chemists say atoms are the simplest units of matter because they cannot 
break an atom down into any simpler units by any ordinary energy sources; 
(i.e. heat, light, electricity, mechanical, etc). Each element has a 
kind of atom which is different from the atoms of every other element. 
No two elements have the same kinds of atoms. 


COMPOUNDS 


As you know, there are more than 104 different kinds of substances 
in the world, in fact there are millions of different kinds of substances 
(i.e. samples of matter which have the same kinds of chemical units 
throughout). The answer to the existence of so many different kinds of 
substances lies in the fact that different kinds of atoms can hook up 
with each other (we say can "combine chemically") to form new substances 
called COMPOUNDS. The chemical units of compounds are called MOLECULES. 
Therefore, a compound is a sample of matter in which all the chemical 
units (molecules) are exactly the same. 

Molecules are chemical units which are composed of two or more 
different kinds of atoms. 

Something very odd happens when atoms combine to form molecules. 
The atoms lose their properties (except their weight) and the molecule 
formed has a set of properties which only it has, and which neither of 
the atoms had. In other words, if two atoms A and B combine chemically 
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to form a molecule AB the molecule AB will not look like, <.ste like, or 
behave like either of the atoms A or B did before they comiined chemic- 
ally with each other. The molecule AB has a special set of properties 
which is different from the set of properties of every other molecule or 


atom. That is, each molecule has a unique set of properties. 


Elements differ from compounds in one very important way. The 
chemical units of elements (atoms) are the simplest units of matter and 
cannot be broken down into any simpler units. On the other hand, the 
chemical units of compounds (molecules) are made up of two or more 
different kinds of atoms and therefore can be broken down into individual 
atoms. This gives us a way of telling an element from a compound. If 
a compound is heated to a high enough temperature, eventually it will 
break down into the atoms which make it up; whereas atoms of elements will 
not break down into simpler substances. 


In summary, matter is classified into elements, compounds and 
mixtures. The basic chemical unit of an element is an atom. The basic 
chemical unit of a compound is a molecule. Compounds and elements are 
given the name substances because they are pure forms of matter. Mixtures, 
on the other hand, are made up of two or more different kinds of 
chemical units and are called impure forms of matter. That is the way 
chemists classify matter. 
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THE CLASSIFICATION OF MATTER - A COMPARIS 


The classification of matter can be thought of as being similar 
to the letters and words of the English language. 

The letters of the alphabet are the basic building blocks of a 
language, just as the atoms are the basic building blocks of matter. In 
short, the "letters' of matter are called atoms. Furthermore, just as 
letters may be grouped together to form words, atoms may combine chemical ly 
to form molecules. That is, the "words" of matter are called molecules. 
Molecules behave as a single unit just as words do. 

We can use this letter-word comparison to clarify the classifi- 
cation of matter. The idea of a substance can be explained by consider- 
ing sets in which all of the members are identical. That is, they are 
"pure" sets. A pure set of atoms is called an element. This can be 
compared to a pure set of letters in which all of the letters are identical. 
EOM Oxamm lesa Ms (ails 1s (1s ls-e-¢ sista) 2 

A pure set of molecules is called a compound. This can be compared 
to a pure set of words in which all of the words are identical. For 
example, (yes, yes, yes....). 

Now you can see substances (pure sets) can be divided into two 


classes: 


(a) those that have atoms which are all identical (pure letter 
sets)--elements, and 
(b) those that have molecules which are all identical (pure word 


sets)--compounds. 


Mixtures, on the other hand, can be thought of as impure sets. Our 


letter-word comparison tells us we can have mixtures of: 


(a eeletters «atoms weeds. | KsZechs. \ acm) 
(b) words (molecules) e.g. (Yes, cow, no, up ...), and 
(c) words and letters (atoms and molecules) e.g. (K, boat, Y, ski ...). 


Just as when letters are combined to form words they no longer 
keep their individual meaning, so too when atoms combine chemically to 
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form compounds, the individual atoms lose their propertie: For example, 
when "I" and "N" are put together to form the word "IN", they take on 

new meaning and lose their individual meanings. Furthermore, the meaning 
of the word "IN" is unique just as the properties of a compound are unique 
to that compound. 


It should be remembered that a word can be broken down into its 
individual letters just as a molecule can be broken down into its 


individual atoms. 


As you can see, it is helpful to remember, "letters are to atoms 


as words are to molecules" when you classify matter. 
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CLASSIFICATION OF MATTER TEST 


A substance is: 


(a) any sample of matter 

(b) an impure sample of matter 
(c) a pure sample of matter 
(d) a chemical unit 


The main difference between elements and mixtures is: 


(a) elements have atoms whereas mixtures do not 

(b) mixtures have no chemical units whereas elements do 

(c) elements are substances whereas mixtures are not 

(d) elements can combine to form molecules whereas mixtures are 
molecules 


A substance which cannot be broken down into simpler substances 
TS ane 


(a) molecule 

(b) mixture 

(c) compound 

(d) element 

An impure sample of matter is called a(n): 
(a) mixture 

(b) element 

(c) compound 

(d) molecule 


Two shiny elements combine together to form a compound. Which of the 
following statements is the best prediction of what the compound will 
look like: 


(a) the compound will not be shiny 


(b) the compound will be shiny 
(c) the compound will be partly shiny and partly dull 
(d) the compound's appearance cannot be predicted 


The chemical unit of a compound is: 


(a) a molecule 
(b) a substance 
(c) a volume 
(d) an atom 
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Classification of Matter Test (continued) 


fas 


Ids 


The gas helium is made up of atoms which are all chemice'iy the same. 
The dry cleaning liquid carbon tetrachloride is made up of molecules 
which are all chemically the same and which contain carbon and 
chlorine atoms. 

Which of the following statements is false? 


(a) helium is an element 
(b) carbon tetrachloride is a mixture 
(c) helium is a substance 
(d) carbon tetrachloride is a compound 


Which of the following would not be classified as matter? 
(a) a rock 


(b) molecules 
(c) mixtures 
(d) democracy 


Two different kinds of chemical units are: 


a) elements and substances 
b) atoms and molecules 

c) weight and volume 

d) colour and taste 


Which of the following would have more than one kind of chemical 
unit: 


(a) an element 
(b) a compound 
(c)) a mixture 

(d) a substance 


Since there are 104 different kinds of atoms, there are exactly 
104 different: 


(a) compounds 


(b) mixtures 
(c) substances 
(d) elements 


In an experiment a white solid substance was heated to form a 
yellow gas and a green solid. Which of the following statements 
is a correct conclusion to make? 


) the green solid is an element 
(b) the yellow gas was a compound 
(c) the white solid may have been a mixture 
(d) the white solid was a compound 
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Classification of Matter Test (continued) 


In an experiment a yellow solid substance was heated gently 
producing a colourless liquid as well as a white solid. The 
original solid: 


(a) was an element 

(b) was a compound 

(c) was a mixture 

(d) may have been more than one of the choices a, bore 


In an experiment a solid sample is light brown in colour with 
dark blue lines running throughout it. When it was heated, 
colourless gases and a black solid were formed. The original 
sample: 


(a) was an element 


(b) was a compound 
(c) was a mixture 
(d) may have been more than one of the choices a, bore 


In an experiment a pale yellow-green gas was discovered and analyzed. 
It was found that there was only one kind of atom in this gas. The 
pale yellow-green gas: 


(a) was an element 


(b) was a compound 
(c) was a mixture 
(d) may have been more than one of the choices a, b orc 
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APPENDIX B 
TEST DATA 


TABLE 20 


Items Analysis for Phase Change Criterion and Analogy Tests: 
Argument Rank Six 


Experiment I 


A. Criterion Test* 


Item | Biserial correlation Reliability 
Number Dit icul ty Coefficient Index - 
Grade 8 | Grade 10 | Grade 8 | Grade 10 j|Grade 8 | Grade 10 
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Table 20 (continued) 


B. Analogy Test** 


Item 


Biserial Correlation Reliability 
Number 


Coefficient Index 
Grade 8 Grade 10 Grade 8 Grade 10 


Diehe cour cy. | 
Grade 8 Grade 10 
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Items Analysis for Compression Criterion and Analogy Tests: 
Argument Rank Six 


phe 
Criterion Test 


Experiment 


I 


Biserial Correlation Reliability 
Dit Ficul cy. Coefficient Index 
Grade 8 | Grade 10 Grade 8 | Grade 10 Grade 8 Grade 10 
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Table 21 (continued) 


K* 
B. Analogy Test 


I ten 
Number 


Biserial Correlation 
Dae rCuLty Coefficient 


Grade 8 | Grade 10) Grade 8 Grade 10 


Reliability 
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TABLE 2? 


Items Analysis for Diffusion Criterion and Analogy Tests: 
Argument Rank Six 


Experiment I 


* 
Criterion Test 


Item 
Number 


Biserial Correlation Reliability 
Coefficient Index 


Grade 8 Grade 10 10 
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Table 22 (continued) 


x 
B. Analogy Test 


Biserial Correlation 
Coefficient 


Item ° 
Number 


Reliability 
Index 


Difficulty 


Grade 8 | Grade 10 


Grade 10 Grade 8 Grade 10 


Grade 8 
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N= 88 for grade 8: N= 146 for grade 10 


APPENDIX C 


EXPERIMENTAL DATA 


EXPERIMENT I - VERBAL ANALOGIES 


The data for this experiment is presented in Tables 23 and 24 under 
four columns: A,B,C,D. Column A contains a three digit number indicating 
the topic, argument rank, and treatment cell number. The first digit 
indicates the topic of the scientific explanation. The topic and its 
associated digit are: Phase Change = 1, Compression = 2, Diffusion = 3. 
The second digit indicates the argument rank of the scientific explana- 
tion. Argument rank three and argument rank six are associated with the 
digits three and six, respectively. The third digit of the number in 
column A indicates the treatment number: Pre - 1, Post - 2, Within - 3, 
Side x Side - 4, Advance Analogy - 5, Advance KMT - 6, and Control - 7. 
The digit in Column B indicates the sex of the subject: male = 1, 
female = 2. The digit in column C indicates the score the individual 
achieved on the associated analogy test. The analogy test score reported 
does not include the two items used in the test to determine whether the 
subject knew how to respond to analogy items. Hence, the total 
possible score is six for argument rank three passages and eight for 
argument rank six passages. The numerals under column D indicate the 
score on the criterion test. The total possible score is sixteen and 
twenty for argument rank three and argument rank six scientific explana- 


tions, respectively. 
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23 


TABLE 


Analogy and Criterion Tests' Scores 


Experiment I - Verbal Analogies 


Grade 8 
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Table 23 (continued) 
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Table 23(continued) 
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23(continued) 
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Table 23 (continued) 
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Table 23 (continued) 
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Table 23 (continued) 
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Table 23 (continued) 
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TABLE 24 


Analogy and Criterion Tests' Scores 
Experiment | 
Grade 10 
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TABLE “25 
Criterion Test Scores 


Experiment II - Physical Analogies 


Treatment Groups Control Groups 
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TABLE 26 
Criterion Test Scores 


Experiment III - Extended Verbal Analogy 
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APPENDIX D 


PLLOT STUOTES 


Four pilot studies were carried out in preparation for the present 


study. These are presented in turn below. 


PILO RES TUD Yor 


Problem 


To determine the relative effectiveness of five different methods 


of presenting a scientific explanation to subjects. 


Sample 


The sample consisted to 133 seventh grade students from a Junior 


High School in Edmonton, Alberta. 


Design 


Treatments 
Control Treatment. A scientific explanation concerning the 
classification of matter and chemical change was written. The length 
of the scientific explanation was 823 words. The scientific explana- 
tion was written in a clear, concise manner without employing any 


38] 


382 


analogies, examples ,advance organizers or physical models. Four other 


treatments were generated from the scientific explanation as follows. 


Example treatment. Examples were inserted into the scientific 


explanation at appropriate points. 


Verbal analogy treatment. The primary field of a conceptual 
verbal analogy was inserted into the scientific explanation by presenting 
a paragraph of scientific explanation and then the corresponding 
paragraoh of the primary field. Paragraphs of the scientific explana- 
tion and primary field were alternated in this order throughout the 


passage. 


Physical analoay treatment. The scientific explanation was 


accompanied by a display board on which the various classes of matter 
were displayed using physical objects (coloured stryofoam spheres). The 
display board was readily visible to subjects while they were reading 


the scientific explanation. 


Advance organizer treatment. Two days before subjects read 


the scientific explanation they were presented with an advance organizer 


related to the scientific explanation, 


Criterion Test 


The criterion test consisted of fifteen multiple choice items 


each having one correct answer and three distractors. 
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Procedure 


Subjects were randomly assigned to treatment groups. Subjects 
who were assigned to the Advance Organizer treatment group were adminis- 
tered the advance organizer two days before they read the scientific 
explanation and responded to the criterion test on the test day. Sub- 
jects in the Examples and Verbal Analogy treatment groups read the 
passages associated with their treatments and immediately responded to 
the criterion test. Subjects in the Physical Analogy treatment group 
sat as a group in a corner of the room and were asked to read the 
scientific explanation and refer to the display board as they were 
reading. The display board was positioned so that only the subjects 
in the Physical Analogy group would see it. After reading the 
scientific explanation and studying the display board, the Physical 


Analogy subjects responded to the criterion test. 


Analysis of Data 


A 2x 5 (sex x treatment) fixed effect factorial design was 
employed for the analysis of the criterion test scores under the nul] 
hypothesis: there are no significant differences between sexes among 
treatments and there is no significant sex x treatment interaction 


effect. 
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Results 


The summary table for the analysis of variance is presented in 
Table 27. The analysis indicates that there was a significant sex 
main effect and a significant treatment main effect. 

Analysis of the sex main effect indicates that females scored 
Significantly higher on the criterion test than males. 

Analysis of the treatment main effect using Scheffes multiple 
comparisons test indicates that the mean for the Verbal Analogy 
treatment group was significantly lower than the means for both the 


Advance Organizer and the Physical Analogy treatment groups. 


Discussion 


It would appear that females tend to understand the passage 
Significantly better than males for all treatments. 

While the mean for the Verbal Analogy treatment is significantly 
less than the means for the Advance Organizer and Physical Analogy 
treatment, it is not significantly less than the mean for the Control 
treatment in which the subjects read only the scientific explanation. 

The results of this experiment indicate that the use of examples, 
an advance organizer or a physical analogy does not significantly 
increase immediate comprehension of a scientific explanation over that 
obtained when only the scientific explanation is read. However, the 
use of an advance organizer or a physical analogy appeared to be signifi- 


cantly superior to the use of verbal analogy in increasing comprehension 
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TABLE 27 
Pilots tudy. . 


Summary of Two-Way Analysis of Variance: 


Sex x Treatment 


Source F-Ratio 


Sex 
Treatments .004 
Sex x Treatment . 760 


Error 


—— 


By Cel] Means and Frequencies 


Examples 


Female 


Male 
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of a scientific explanation. However, an analysis of reading scores 
for the subjects in the verbal analogies group indicated that their 
average percentile rank on the S.T.E.P. reading test was 34.2 as com- 
pared with 44.6 for the Advance Analogy and Physical Analogy groups. 
It would appear that the significant differences between the Verbal 
Analogy group and the other two groups may be due to sampling 
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Problem 


To determine whether the use of a concrete verbal analogy ina 
scientific explanation will significantly increase immediate compre- 
hension of a scientific explanation over that obtained when only the 


scientific explanation is read. 


Sample 


The sample consisted of 391 ninth grade students from a Junior 


High School in Edmonton, Alberta. 
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Design 


The design of this pilot study consisted of presenting 
primary field of a concrete verbal analogy in the "Pre", "Post", 
"Within" and "SxS" formats as defined in Experiment I of the present 
study. A fifth treatment consisted of administering an Advance 
Organizer two days before the scientific was read. A sixth treatment 
group, the "Control" group, read only the scientific explanation. A 
short (approximately 150 words)and a longer (approximately 300 words) 
scientific explanation was written for each of three topics. A 
primary field of a concrete verbal analogy and Advance Organizer 
was written for each of the six scientific explanations. The scientific 
explanations and primary fields differed from those used in Experiment 
I only to a minor degree in wording. 

A modified Cloze Test was constructed for each of the six 
scientific explanations by removing certain key words from the 
scientific explanations. These tests were used as the criterion 
Less. 

This design resulted in six, one-way analysis of variance 


designs having six treatment groups. 


Procedure 


The procedure used for this pilot study was similar to that 
of Experiment I, except no distinction was made between sexes and 


subjects were not allowed to refer to the scientific explanations 
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while responding to the criterion tests. The advance organizer was 


administered in the same way as the advance analogy in Experiment I. 


Results 


The results were analyzed using six, one-way analysis of 
variance designs under the hypothesis: there is no significant 
difference in criterion score means among formats. 

The results of six analyses of variance are presented in 
Tables 28 and 29. 

The results indicate that the null hypothesis was rejected in 
only one of the six cases. It was rejected for the longer Phase 
Change scientific explanation. The Neuman-Keuls test for differences 
between means indicated the "Pre" format treatment group mean was 
Significantly less than the other five treatment group means. 

A comparison of the numerical values of the different treatment 
group means in which an analogy was employed with their respective 
control group means indicates that, in general, the treatment group 
means are less than the control group means. The "Advance Organizer" 
treatment group means are similar to the corresponding "control" 
group means in all six cases. 

It appears that the use of a concrete verbal analogy ina 
scientific explanation does not increase immediate comprehension of 
the scientific explanation when a modified Cloze Test is the criter- 


ion test. 
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TABLE 28 


Pilot Study II: Summary of One-Way Analyses of Variance, Cell Means and 
Frequencies of Cloze Scores for Short Scientific Explanations 


A. Analyses of Variance 


(i) Phase Change 


Source 


Format 


Error 


(ii) Compression 


Source 


(iii) Diffusion 


Source F-Ratio 


Format 


Error 


B. Cell Means and Frequencies 


Format Phase Change Compression Diffusion 


Pre 18.8 (8) 21.6 (8) 
Post TORR 7) 20207 7) 
Within 1832 °(10) 20¢6A(8) 
Sx 19.5 (5) 1655 “(10) 
Adv. Organizer Zea (3) 20 554(5) 
Control Pits (26) (23) 


a 


e, < % 
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TABLE 29 


Pilot Study II: Summary of One-Way Analyses of Variance, Cell Means and 
Frequencies on Cloze Scores for Longer Scientific Explanations 


A. Analyses of Variance 


(i) Phase Change 


Source F-Ratio 


Format 


Error 


(ii) Compression 


Source SS F-Ratio 


Format 69.18 


Error 53h 5 


(Giaa ee Dittuston 


Source SS df 


Format 289.8 5 


Error 1496.8 61 


Compression Diffusion 


Pre 1S 


1 (7) 
Post 28.9 (8) 
Within 26.0 (6) 
SxS 25-4 7) 
Adv. Organizer tee 
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Control Ci 
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PILOT. sTUDY. LLL 


Problem 


To refine the test instruments to be used in Experiment I 
and to compare immediate comprehension obtained when a scientific 
explanation is presented with and without a concrete verbal 


analogy. 


Sample 


The sample consisted of 238 tenth grade subjects enrolled in 


a first year chemistry course in a senior high school in Edmonton, 


Alberta. 


Design 


Treatments 


The argument rank six scientific arguments, primary fields 
and the postulates of the Kinetic Molecular Theory used in Experiment 
I were used as the treatments for this pilot study. The criterion 
and analogy tests used were unrefined forms of those used in 


7 


Experiment I. Each subject in one of the three experimental groups 


was administered a test booklet containing the postulates the 
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Kinetic Molecular Theory, one of the scientific explanations, its 
corresponding primary field and the corresponding analogy and 
criterion test in the order mentioned. The booklets were randomly 
administered to subjects in five classes. After students had com- 
pleted the tests a questionnaire was administered to each subject to 
determine whether they felt that the presence of the analogy had 
aided them in understanding the scientific explanation. One week 
later, the same scientific explanations and their corresponding tests 
without the postulates or the primary fields were administered 
randomly to three different classes within the same school to ensure 
that the test scores for the control groups were also normally 


distributed. 


Procedure 


Test booklets were distributed randomly to subjects on the 
two testing days. After filling out the heading of the answer sheets 
and carefully reading the test instructions, subjects were told that 
they could refer to the passages if they wished while responding to 
the test items. Upon completing the tests, subjects were given the 
questionnaires to complete. 

The answer sheets were marked and items analysis was carried 
out and the results of the questionnaires were compiled. While the 


groups which were administered the scientific explanation and the 
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corresponding tests without the postulates or primary field could not 
properly be used as a control group, a comparison of their criterion 


score means was made with those of the corresponding treatment 


groups. 
Results 

The results of the experiment indicated that a number of test 
items required revision. Analysis of the questionnaire data indicated 


that seventy-nine percent of the subjects who were administered primary 
fields along with the scientific explanation indicated that they 
felt that the presence of the primary field had helped them under- 
Stand the scientific explanation better than they would have if the 
primary field was not present. 

A comparison of the criterion score means are presented in 
Table 30. These results indicate that in each case the mean of the 
groups which read only the scientific explanation was numerically 
greater than the groups which read the postulates of the Kinetic 
Molecular Theory, the scientific explanation and the verbal analogy. 
In the case of the Phase Change scientific explanation the group 
which read the scientific explanation only,scored significantly 
higher than the group which read the postulates of the Kinetic 
Molecular Theory, the scientific explanation and the primary field 


of a concrete verbal analogy. 
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TABLE 30 
Pilot Study III: Summary of t-Test Results for 
Concrete Verbal Analogies 


A. Phase Change 


Treatment Group: Control Group: 

Scientific Scientific 

Explanation Explanation 

with Analogy Only 

(N = 48) (N = 32) 
Criterion Mean i203 aes 
Variance 1137 8.00 
df = 78 


te = 2. Ol (pe-a05) 


B. Compression 


Control Group: 
Scientitic 


Treatment Group: 
SCIEN GIT 1c 


Explanation Explanation 
with Analogy Only 
(N = 45) (N = 31) 
Criterion Mean 10.9 


Variance 10.90 


df = 74 
aa ese 205 ) 


Ce DETUSTON 


Treatment Group: Control Group: 


Scientific Scientific 
Explanation Explanation 
with Analogy Only 
(N = 52) (N = 30) 
Criterion Mean 10.9 hes 


Variance 8.62 Ves 


g95 


Summary 


It appears that subjects feel that the use of a concrete 
verbal analogy in a scientific explanation aids them in understanding 
the scientific explanation. However, on the basis of the data 
obtained in this experiment, it would appear that empirical data do 


not support their feelings. 


PIEOW STUDY SV 


Introduction 


Pilot Study IV was designed to examine a number of variables 
related to Experiment I. The testing materials employed in this 


pilot study were identical to those used in Experiment I. 


Problem 


To determine: 


1. The effect on immediate comprehension when the primary field 
of a concrete verbal analogy and the postulates of the Kinetic 
Molecular Theory are administered two days before th- 


scientific explanation is read. 
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2. Whether there is a difference in immediate comprehension 
when subjects are allowed to refer to the scientific 
explanation and primary field when responding to the 
analogy and criterion test as opposed to not allowing 


students to refer them. 


3. Whether subjects could respond correctly to the criterion tests 


without having read the scientific explanations. 


4. Whether subjects could respond correctly to the analogy tests 
items even if they had not read the primary or secondary 


fields of the analogies. 


Design 


Sample. The sample consisted of 337 tenth grade students 
enrolled in an introductory chemistry course in a senior high school in 


Edmonton, Alberta. 


Treatments 


Two days before the testing day the postulates of the Kinetic 
Molecular Theory and the primary fields for the argument rank six 
Phase Change and Diffusion passages were administered at random to 
sixty-six subjects. Those subjects not receiving one of these 
treatments were administered the placebo. On the test day those 


subjects who had received either the postulates or the primary field 
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were administered the corresponding scientific explanation, analogy 
and criterion tests. The remaining subjects were administered the 
following treatments. 

The Phase Change and Diffusion scientific explanations and their 
corresponding criterion tests were administered to fourteen and fifteen 
subjects, respectively, with instructions that they were to read and 
study the scientific explanation and then respond to the criterion test 
without referring to the scientific explanation. 

The Phase Change and Diffusion criterion tests were administered 
to nine, and eight subjects, respectively, who had read neither the scientific 

explanation nor the corresponding primary field. 

Twenty-seven subjects were administered the Phase Change Analogy 
test and thirty subjects were administered the Diffusion analogy test 
without having read the primary or secondary fields of the analogy. 

The scientific explanations and criterion tests for the Phase 
Change and Diffusion scientific explanations were administered to 
twenty and twenty one subjects, respectively, with instructions that 
they could refer to the scientific explanation while responding 


touthencrrter toni test. 


Results 


The results of this pilot study are presented ‘in Tables I), 32 
and 33. The means for the Phase Change and Diffusion groups which read 
the primary field two days before reading the scientific explanation 


are significantly greater than the corresponding means of the  ~roups 


which read only the scientific explanation. 
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TABLE 31 


Of Pirlo’ study sLy 
est Means 


Treatments 


Primary field administered two 
days before scientific explana- 
tion read 


KMT administered two days 
before scientific explanation 
read 


Scientific explanation read but 
subjects not allowed to refer 
to explanation while respond- 
ing to test 


Criterion test done without 
reading primary or secondary 
field of analogy 


Criterion test done after read- 
ing scientific explanation 
and primary field 


Analogy test done without read- 
ing primary or secondary field 
of analogy 


Analogy test done after reading 
primary and secondary field of 
analogy 


Phase Change Diffusion 
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TABLE 32 


Results of t-Tests for Experiments in Pilot 
Study IV: Phase Change 


A. Advance Concrete Verbal Analogy 


Primary Field Read Two Days 
Before Scientific Explanation 
(N = 20) 


OnLy OC LEN GiLic 
Explanation Read 
(N = 13) 


Criterion Means 


Variance 


B. Advance Conceptual Verbal Analogy 


Postulates of KMT Read Two} Only Scientific Explanation 


Days Before Scientific Read 
Explanation 
(N (N = 20) 
Criterion Means t3..0 
Variance 12.95 


df = 37 
te 0b pe 05) 


C. Referral to Scientific Explanation During Testing 


Subjects Not Allowed to Refer | Subjects Referred to 
to Scientific Explanation Scientific Explanation 
While Responding to Criterion | While Responding to 
Test Criterion Test 

(N = 14) (N = 20) 


Criterion Means Wea 


Variance Loe 
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Table 32 (continued) 


D. Criterion Test Written With and Without Having Read Scientific 
Explanation 


Subjects Did Not | Subjects Read 


Read Scientific Scientific 
Explanation Explanation 
(N = 20) 


Criterion Means 


Variance 


df = 27 
t = 5.68 (p < .0005) 


E. Analogy Test Written With and Without Having Read Analogy 


Subjects Did Not | Subjects Read 
Read Analogy Analogy 
(N = 12) ( 


Analogy Test Means 


Variance 


3] 
5.60 (p < .0005) 


adjusted df 
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TABLE: 33 


Results of t-Tests for Experiments in Pilot 
Study IV: Diffusion 


A. Advance Concrete Verbal Analogy 


Before Scientific 
Explanation 
(N = 14) 


Explanation Read 
Read 


Criterion Means 


Variances 


B. Advance Conceptual Verbal Analogy 


Postulates of KMT Read Two Only Scientific 
Days Before Scientit ic Explanation 
Explanation Read 

(Nee20) 


Criterion Means 
Variances 


C. Referal to Scientific Explanation During Testing 


Subjects Referred to 
Scientific Explanation 
While Responding to 
Criterion Test 

(N = 21) 


Subjects Not Allowed to 
Refer to Scientific 
Explanation While Respond- 
ing to Criterion Test 
(N = 15) 


Criterion Means 
Variances 


df = 34 
t.2=, 1268 (p> .05) 
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Table 33 (continued) 


D. Criterion Test Written With and Without Having Read Scientific 
Explanation 


Subjects Did Not Read 
Scientific Explanation 


Subjects Read Scientific 
Explanation 


Criterion Means 
Variances 


df = 27 


E. Analogy Test Written With and Without Having Read Analogy 


Subjects Did Not Read Subjects Read Analogy 
a 


(N = 13) 


Analogy Test Means 
Variances 


df = 41 
t = 4.29 (p < .0005) 


oe _- i) at 


Pe 


et rar 
mt oe a 
eof 
agent - a 
th = 9b 
(208, > yl BBE = ogi 


ynol nth beat ev aatdue > 
(8, =say 


403 


The means for the Phase Change and Diffusion groups which 
read the postulates of the Kinetic Molecular Theory two days before 
reading the scientific explanation and the means for the Phase Change 
and Diffusion groups which were not allowed to refer to the 
corresponding scientific explanation while responding to the criterion 
tests were not significantly different from their corresponding 
control groups which read only the scientific explanation and were 
allowed to refer to it while responding to the criterion tests. 

The means for both the Phase Change and Diffusion criterion 
tests when done without subjects having read the scientific 
explanation were significantly less than the corresponding means of 
the groups which read the scientific explanation before responding 
the criterion tests. Furthermore, the means for the groups which 
responded to the criterion test without having read the scientific 
explanation were only slightly greater than the chance level of 
B62" 

The means for the analogy tests for the Phase Change and 
Diffusion analogies when the test was done without the subjects having 
read the analogies were significantly less than the corresponding 
means obtained when subjects had read the analogies. The mean for 
the Phase Change analogy test was just above the chance level while 
the mean for the Diffusion analogy test was within the chance 


level. 
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Discussion of Results 


Since the advance position for the primary field of the concrete 
verbal analogies both resulted in a significant increase in immediate 
comprehension over that obtained by their corresponding control 
groups, it was decided to include this format in Experiment I. Further- 
more, it was decided to administer the postulates of the Kinetic 
Molecular Theory in the advance format since the advance format appeared 
to be optimal in terms of increasing immediate comprehension for 
the concrete verbal analogy. Also,presenting both types of analogy 
in the advance format would enable a comparison to be made between 
the effects of a concrete verbal analogy and a conceptual verbal 
analogy on immediate comprehension. 

Since no significant difference for either scientific explana- 
tion was noted between the means of subjects who were allowed to 
refer to the scientific explanation and those who were not allowed to 
refer to it while responding to the criterion test and since in most 
learning situations when a student is using a textbook to learn new 
learning material the student is free to refer to the written text 
while responding to a set of questions, it was decided to allow sub- 
jects to refer to the scientific explanation while responding to the 
criterion test in Experiment I. 

The low mean scores on the criterion tests obtained by the 
group of subjects who had not previously read the scientific 


explanations indicated that subjects were not very familiar with 
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the content of the scientific explanations before they had read them. 
This finding indicated that the scientific explanations constituted 
new learning material to the subjects. Furthermore, the significant 
differences noted for both scientific explanations between the means 
of those subjects who read the scientific explanation and that of 
those who had not read it indicated that reading the scientific 
explanation resulted in learning. This indicated that the new learn- 
ing material was not beyond the level of comprehension of the average 
subject. In summary, it would appear that the two scientific 
explanations can correctly be labelled as new learning material of 
the nature that subjects would encounter in a regular classroom 
learning situation. 

The finding that subjects who had not read the analogies 
scored near the chance level on the analogy tests indicated that 
subjects were not able to respond correctly to the items of the 
analogy test by simple association or by some other means. Since 
all of the subjects who read the Phase Change analogy met the 
criterion set for passing the analogy test (the criterion was set at 
a score of greater than or equal to six correct responses out of 
the eight items) and ten of thirteen subjects met this criterion for 
the Diffusion analogy, it appeared that comprehension of the 
analogies was well within the ability of the subjects. Those who 
had read the analogies scored significantly higher on the analogy 
test than those who had not read it. This indicated that reading 


of the analogy enabled subjects to learn it. 
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